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Akt. L-^Yearh^ Statement of the progress of Physkei and 
Chemical Science^ delivered on the Slst March 18^9* By 
Jacob B^RZELIps. — Jrsberditelse om Framategen i Physik 
och Chemie Jf given den 31 Mars 1839f of Joe. Berzelius. 

Thb yearly Btatements of this eminent chemist, though gene- 
rally late in reaching this country, are always acceptable to 
scientifie men. The yearly reports of the French Academy 
are confined to their own labours ; those drawn up by the 
several Professors connected with the Academy in Stockholm 
embrace the entire range of annual discovery. Each Profes-^ 
sor marks every advance in his own department, and records 
it in his report. Thus zoology falls to the lot of Neilsen, 
the mechanical sciences to Pasch, and chemical physics to Ber« 
zelius. Nor are these statements mere extracts from the jour- 
nals of the preceding year ; they contain much valuable criti- 
cism, from which the importance of the researches of others 
may in some measure be estimated, and their influence on the . 
state of knowledge more clearly comprehended. It is this lat- 
ter portion of the work which gives its chief value to the reports 
of Berzelius. Standing in general estimation at the head of 
bis science, much interest naturally and justly attaches to his 
annual criticisms. While his statements serve as landmarks, 
showing the prefsise length towhieh discovery goes in each 
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2 Berzelius^s yearly statement of the progress of 

branch of the science during each successive year, they also 
compare former knowledge with that to which we now attain, 
distinguishing what is really new, and assigning to every one 
his due merit,-^and, holding the balance between conflicting 
opinions, concerning which experiment pronounces nothing de- 
cisive, endeavour to point out what may be the true state of 
things by the deductions of a wide analogy. 

The present report, as the title bears, was delivered on the 
last day of March 1829) but, owing to circumstances which 
kept back the other reports, the volume of which it forms a 
part was not published till the month of October. It is gene- 
rally translated into the German within two or three months 
after its appearance, and often into French perhaps as many 
later ; but, excepting occasional extracts taken chiefly from 
foreign journals, little has appeared in our language regarding 
the yearly statements of Berzelius. An analysis of this work 
will, therefore, we conceive be highly interesting to our read- 
ers, and we shall endeavour to make it more so, by confining 
our attention chiefly to the interspersed remarks of the author, 
and to experimental results which have not been already re- 
corded in this Journal. The report embraces first Physics and 
Inorganic Chemistry, next Mineralogy, to which succeed Ve- 
getable and Animal Chemistry. We shall follow him through 
these several departments. , 

. After some notices regarding sound and light, he conies to 
the subject of electricity, on the phenomena and theory. of 
which so many able men are at present engaged. Of Mr 
Ritchie^s experiment on. iron raised to a white heat, showing 
that a ball at this temperature has the same dispersive power 
long known to belong to metallic points, he observes, *' Ritchie 
seems to have left out of view the influence of iron at a white 
heat on the surrounding ajLmosphere."^ 

. But his most important remarks are in reference to the pa- 
pers of De la Rive in the 87th and 39th volumes of the Annates 
de Chimie^ on the developement of electricity in the pile* In 
these papers De la Rive has shown, by a series of ingenious 
and admirably conducted experiments, that the electrical theory, 
or theory of contact advanced by Volta, cannot be the true 
theory of the galvanic pile ; and embracing, therefore, the 
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other, the diemical theory, he endeaTOurs by the aid of it to 

explain all the phenomena he has observed, while, vice versa^ 
he contends that these experiments prove the chemical theory. 
His investigations, in short, are not made in search of a true 
theory, but assuming one of the two received theories to be 
true, his experiments, and many of them are exceedingly inte^ 
resting, and devised with much skill and judgment, are intend- 
ed to show the chemical to be the true one. This latter theory, 
indeed, is the simpler, and that which has the easiest and more 
visible proof on its side, and which, from the zeal of its advo- 
cates, is at present making the greater way. Still there are 
some few phenomena which it fails satisfactorily to account 
for, and which have led some philosophers, without rejecting 
the great influence of chemical action, to refuse it thesole agency ' 
in the developement of galvanic electricity.^ Among these is 
B»'zelius. Though in -his treatise upon the " Theory of the 
Electrical PUe^ published in 1807, he advocated the chemical 
theory, yet later experiments have convinced him, that, how- 
ever intimate may be the connection of chemical action with 
the phenomena of galvanism, yet that they have not their ori- 
gin in this action, or at least cannot in all cases be accounted 
for without the co-operation of the conducting power suppos- 
ed in the electric theory. To such of our readers as take an 
interest in these theoretical discussions, we would recommend 
a reference to the first part of Berzelius^s Chemistry,' where 
they are shortly discussed with the author^s usual sagacity. 

Among the experiments of De la Rive, Berzelius finds one 
equally opposed to both theories. " If a glass tube be bent 
in the form of a U, into the one end of which is put sulphu- 
ric and into the other nitric acid, so as to keep them unmixed, 
and if an arch of zinc and copper be so placed that the zinc 
shall be in contact with the former and the copper with the 
latter, no chemical action takes place in the sulphuric acid, 
but the copper is dissolved by the nitric ; nevertheless the zinc 
is positive and the copper negative, contrary to what ought to 
follow if the chemical action were the source of the electricity. 
To remove the powerful objection to his opinion to which this 
seems to give rise, he shows that if the arch consist of one 
metal only, the direction of the stream is still the same, though 
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its intensity is less. Hence, says he, it is clear that when a 
single metal produces a stream in the same direction as two, the 
contact between two, copper and zinc, cannot have been the 
cause of the stream ; but in his eagerness to overthrow Volta^s 
theory, De la Rive seems to have forgot that the result of the 
experiment controverts as strongly the opinion he wishes to 
support, that the chemical action is the primary cause of the 
electrical phenomena, since while the chemical action is in the 
one acid, the direction of the chemical phenomena is from the 
other. He endeavours to explain this on the principle, that 
the electrical stream finds greater difficulty in passing from the 
copper to the sulphuric acid, than from the latter to the nitric 
acid, but that is to let a slight hindrance overcome a powerful 
action.'' 

But it is obvious that this experiment affords another argu* 
ment still in favour of the conjoined influence of the two gene- 
rally assigned causes as held by Bereelius. For if when the 
arch of metal is of copper alone the electricity is of small inten-r 
sity, and yet without any addition to the apparent chemical 
action, becomes of greater intensity on merely replacing a por* 
tion of the copper by a wire of zinc, it is evident that the cir- 
cumstance of contact has an influence, if not in the primary 
developement of the electricity, at least in making it sensible. 
Or if the action of the nitric acid upon the copper appear to in- 
crease by making the arch in part of both metals while at the 
same time the electrical intensity is increased, it might even 
be presumed that the contact of the two metals influences the 
primary developement itself of the electricity. At all events, 
it does seem, both from this experiment and from the pheno- 
mena of the compound piles described by Berzelius in his Lar< 
bok, which De la Rive has endeavoured, though unsatisfactorily, 
to explain according to his own views, that at present we can- 
not entirely account for all the appearances of bodies influ- 
enced by galvanic electricity by either of the theories taken 
alone. 

Mr Ritchie of Tain, in a paper from the Philosophical 
Transactions^ inserted in this Jofirnai, vol. ii. p. 150, has 
brought forward one or two other experiments which he con- 
ceives to be hostile to the chemical theory. While upon this 
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subject, we may take a glance at these experiments. Experi- 
mfent third is hostile to the theory, because in a combination of 
two zinc plates immersed in water, the addition of nitrous acid 
to the fluid surrounding one of these plates induces negative 
electricity upon that plate, instead of positive, as the theory 
supposes. Now of the true nitrous acid we know by the ex- 
periments of Gay-Lussac, that when poured into water it is 
decomposed, forming nitric acid, hyponitrous acid, and deutox- 
ide of a^ote, in proportions varying with the extent of dilution. 
The greater the quantity of water the more nitric acid and 
deutoxide is produced, and the less hyponitrous, and vice versa. 
Wheu nitrous acid, therefore, is poured into one of the cups, 
a series of chemical actions take place independent of that of 
the acid upon the zinc, and the result obtained by Mr Ritchie 
merely shows that the elBTect of the whole series is to produce 
fiuch a change on one of the plates as to make it negative m 
regard to the other. When such complicated actions take 
place, all of them involving changes in electrical state, nothing 
certain can be inferred affecting the truth or falsehood of the 
chemical theory. As the nitrous acid tends to form much 
hyponitrous, when the quantity of water is small, it would be 
carious to see if the electricity developed in this case were the 
same as befor<e ; but the acid must be newly distilled as it 
sfe^dilj decomposes. If it have any shade of green, it already, 
according to Dulong, contains much nitric acid. 

This to us deems a very probable solution of the difficulty, 
and we have been the more particular in stating it,' because, 
though partaking in some degree of the views of .Berzelius, we 
are desirous, if possible, to get rid of the anomalies in galvanic 
electricity, made known to us by the multiplicator ; and be- 
cause this is not the first anomaly which the action of nitrous 
acid upon metals has presented. So long ago as 1790, Kier 
foundthat iron, after being subjected some time to the action of a 
fi^ixtureof nitric and nitrous acids, lost the power of precipitat- 
ing silver, which may again be nestored by rubbing or filing 
its surface. This fact has more lately drawn the attention of 
Wetzlar and Pechner, who have shown it to be owing to a 
diaiige of electrical state undergone by the surface of the me- 
tal, which wc^uld in itself be oo anomaly^ were it not that thi^ 
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surface continues still quite metallic. It is possible that inter- 
nal changes in the fluid, aided by, or independent of, the in- 
troduction of the metal, may be the cause of the phenomena, 
as we have supposed in regard to Mr Ritchie^s experiment 

This is rendered more probable by what takes place in re- 
gard to another class of apparently anomalous cases. If a 
combination of iron and copper be plunged into a solution of 
a sulphur salt, as sulphuret of potash, the copper is at first 
negative, but after a short time becomes positive. Davy at- 
tributed this to the formation of a new solid body on the sur- 
face of the metal, by which its electricity is changed. And if, 
accordingly, the copper be removed from the liquid and wash- 
ed, it is restored to its former condition, is negative when again 
plunged into the liquid, and as speedily becomes positive. All 
these anomalies, though they may not at present admit of the 
most satisfactory explanation, tend at least to prove the same 
thing, that unseen and unappreciable chemical actions in the 
fluid employed, due sometimes to the presence of the metals, 
sometimes to the mixtures it contains, tend to modify, and 
sometimes entirely to change the nature of the electricity which 
is developed. 

Mr Ritchie^s fourth experiment is less exceptionable. The 
true explanation of it will probably be found in the chemical 
properties of tin, in relation to the acids. We know that cop- 
per and iron, with a slight coating of oxide, are negative in re- 
gard to pure copper and iron. This is probably the case also 
with tin. Nitric acid speedily converts tin into an oxide ; it 
requires, therefore, only that the aqua regia employed should 
have an excess of nitric acid to put the plate of metal in a con- 
dition to act as a negative body, — that the nitric acid should 
be in quantity sufficient to form a portion of oxide! on the sur- 
face. The whole plate in this case will be negative, in regard 
to another clean plate, and the greater surface, that is, the 
grooved one will be negative in regard to the plain one, as in 
Mr Ritchie^s experiment. De la Rive has shown, that an elec- 
trical current may be established by one liquid and one plate 
of metal, having a smooth side and a rough one, which he 
brings as an argument against the theory of Volta. If Mr 
Ritchie has not seen this in the 37th volume of the -inwflfc* de 
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Chimiey as seems to be implied by the sitnilarity of the intro- 
duction to his own paper, and his first experiment to some of 
the statements of De la Rive, he will find a reference to them 
exceedingly interesting. 

Watkins has carried the simplicity of this combination of De 
la Bive still farther. He has succeeded in forming a pile of a 
perceptible tension, with plates of zinc alone polished on the 
one side, and rough on the other, without any moist conduc- 
tor. They are placed in a wooden frame parallel to each other, 
at a distance of one or two millimetres, so as to have a thin 
layer of air between each. The combination is air, rough zinc, 
smooth zinc, air, &c. and the rough zinc is positive, as when 
the place of the air is supplied by a liquid. This has been 
explained like de Luc^s pile, by the oxidizing efiect of the air, 
but it is difficult to conceive that such arrangements can owe 
their polarity to any chemical action upon the metallic surfaces, 
since Berzelius, in commenting upon this opinion of ]Javy in 
his Arsberdtteke for 1827, states, that he has kept a pile 
formed of tin and brass papers, in which the tin is the positive 
metal, in activity for eight years, and yet the tin paper re- 
mained to the last as pure and brilliant as when first employed. 
And that the moisture of the paper which was supposed to be 
instrumental in causing oxidation has no connection with the 
electro-motive agency, has been long ago shown by the experi- 
ments of Jager, in whose piles the papers were dried and sealed 
up with a non-conducting body, at the temperature of 140 
Fahr., so as to be air-tight, and yet continued in activity! 
These phenomena cannot be explained without having recourse 
to something more than chemical action, " which seems by no 
means necessary for the developement of the electrical elements 
in the dry pile. The absence of chemical phenomena may be 
remarked by the small quantity of electricity and the great 
tension, and their presence by the great quantity of electricity, 
and the small tension in proportion to it. Independent of che- 
mical phenomena, they may possibly depend upon the unequal 
conducting power of the metals employed, and their conse- 
quent unequal capacity for electricity in its distributed or po- 
larized state, which must be greater in good than in bad coa- 
ductors." 
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The phenomena detailed ander experiment fifth were un- 
expected, l)ut we do not see that they are on that account hos- 
tile to the chemical theory any more than the similar facts, that 
a polished or rolled plate of zinc is negative in regard to an- 
other of the same metal, which is cast and unpolished. From 
these facts we should have expected, as Mr Ritchie seems to 
have dcMie, that the hammered plate would be negative also. 
But it is positive, owing to the change of structure induced by 
hammering probably its being rendered more dense, so as to 
present more points to the action of the acid. Had Mr Rit^ 
chie shown, that, wfaije hammering rendered the plate positivci 
it rendered it at the same time less assailable by the acid, then 
he might have set it up against the chemical theory. That 
the hardening of steely again, renders it negative is simply an- 
other fact, valuable as such, but having no claim, that we can 
perceive, to a place among facts hostile to a theory which they 
in reality conf)i*m. 

The apparent anomaly in experiment sixth is probably ow- 
ing in a great measure to the action of the hot iron upon th« 
water, evaporation of which is generally connected with the 
developement of electricity. * Or it may be that by beating, 
a thin coating of oxide is formed upon the iron previous to 
plunging into the water, which, from the experiments of De la 
Rive, is sufficient to render it negative. 

We cannot at all agree with Mr Ritchie in the oonclumons 
he draws from his seventh experiment : ^^ Since, he says, the 
zinc is dissolved without the assistance of oxygen from the 
water, it appears that the atoms of the acid have combined 
with the pure brilliant atoms of the metal, without the neces- 
sity of the metal being first converted to an oxide.^ Now, if 
the zinc, as Mr Ritchie states, was dissolved by the dilute %\j1* 
phuric acid, without the evolution of hydrogen, which it would 
require repetition in a more delicate apparatus, as ivell as a 

• AitbdvAittg to Bec^trerel Artd Ponill^t, thit is not the cafee with Jjerfect* 
ly pure «ateh% (Hit A fkiiiiute pottion of ibreign mdttcr in soluiadn bausn 
the «volatioilj now of the one^ atid now of the other ekctricity^-^inoe 
writing the above, we have conversed on the sul^ect with Mr Kemp of 
Edinbui^h, who informs us that he has made this experiment long ago 
with a hoi plate, and has always accounted for it by evaporation. 
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subsequent analysis of the solution to establish, sliii it would 
only show, that sulphuric acid, under certain circumstances, 
gives up an atom of its oxygen to metallic zinc, and forms with 
it afterwards a sulphite. According to this view, the results ar& 
no way inconsistent with the chemical theory, nor ** with any 
of the generally received notions of chemists.^ 

But the part of De la Rivers papers which calls forth tbe* 
chief remarks of Berzelius, is that in which he draws from hb 
experiments conclusions opposed to the truth of the electro-che^ 
mical thebry of affinity. We shall give an outline of the ex<- 
perimeiiis and deductions, and -subjoin the observations of 
Berzeltusb 

FirU^ He shows that one metal and one liquid may produce- 
a current, if one surface of the metal be smooth and the other 
rough or scratched. 

JSeconiy That if a galvanic pair of copper and tin be dipped 
into caustic ammonia, the copper is positive and the tin negii- 
ttve, while if it be dipped into caustic potash, or a dilute acid» 
xkkt tin 18 pMitive^ as we might expect, a priori^ ^d the cop*-; 
per negative. The reason is, that in the. ammonia the copper 
cmly is dissolved and not the tin. Whiie in the potash ley,. 
and diluted acid^ the tin only is dissolved. This, says Berse^ 
lius, is in my opinion the most interesting experiment he hais^' 
brought forward^ since ammonia and potash are liquids o{ the 
same luDd, which el(rctDo<«haarically ouj^t to act upon metals, 
in the same way* 

Third, Another well devised experiment consisted in plough 
ing a small combinatiiDn of lead Mid copper alternately ia dilute 
and ooneentfatod nitric acid. In the concentrated add the 
copper was dissolved, and was therefore pog5itive,--^in the dilate 
acid the lead^ on the contrary, WaA acted upon^ and the coppir 
WAS negatite< The result of many experiments is embodied ' 
in the foUo^^ing seriesiin which eachtnetal is. positive \xlt^ 
gard to all those above it : 



0»ticenlrat«d'ifticric «icfd. 


Dilute nitric acid. 


Iron oxiffiBed. 


. Sliver. 


Silver* 


Copper- 


Mercury. 


Iron oxidized. 


Lead. 


Iron. 
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Copper. Lead, 

Iron. Mercury. 

Zinc. Tin. 

Tin. Zinc. 

The dissimilarities in these series are all so connected with 
the action of the acid on the diflPerent metals, that the deve- 
lopement of the electricity plainly flows from the chemical ac- 
tion, and not from the contact of the two metals, for other cir- 
cumstances remaining the same, increase or decrease in the 
quantity of water present, cannot; according to Volta's theory, 
be supposed to change the polarity. In like manner charcoal 
and platina in aqua regia give the platina positive, and in sul- 
phuric acid of 100 or 150 the charcoal positive, according al- 
ways as the one or the other is acted upon. Iron also is posi- 
tive with arsenic in a dilute acid, but negative in fused caustic 
potash, because the iron is dissolved by the acid and the arse- 
nic by the alkali. 

, From these experiments, besides other deductions which we 
pass over, he draws the following conclusions affecting the 
electro-chemical theory :— 

, ^* In this theory, (the chemical theory of galvanism,) the 
electric state of a hydro-electric pair is not derived from an 
electric principle belonging to each separate body in a way pe- 
culiar to itself, as is commonly understood when we say that 
zinc is positive in respect of copper, or that an acid is strongly : 
negative, an alkali strongly positive ; but the electricity is de-. 
rived from the action of a chemical agent on the surface of a 
solid body. It is this which separates the two electricities in 
a manner analogous to friction, percussion, and all the mecha^ 
nical actions which excite motion among a greater or less num- 
ber of the minute parts of a body. If this be the case, and if 
it be correct that contact of itself cannot liberate free electri- 
city, we may conclude that the developement of electricity 
cannot take place unless some kind of action give rise to it.^ 

*' Can the electro-chemical theory, in which it is set forth 
that the affinities by virtue of which bodies strive to unite, are 
nothing else than the result of their opposite electrical state P 
Can this theory be reconciled with the experiments above de» 
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tailed, especially with the fact, that a body may be positive in 
respect of one body and negative in respect of another P^ 

^* This theory seems to me to depend chiefly upon two facts ; 
namely, the one, that bodies have a particular electricity which 
contact developes, — a fact, the erroneous nature of which I have 
endeavoured to show ; the other, that in every decomposition 
caused by the electric pile, some bodies, those called negative, 
go to the + pole, others, those called positive, to the — pole ; 
but I have in the foregoing treatise shown that it is not in vir« 
tue of electric tension, or as a consequence of common electric 
attractions and repulsions, that the decomposition takes place, 
since it goes on the easier the greater the conducting power of 
the liquid,* and the less consequently the tension. It seems 
to me, then, that, as we cannot admit the two facts above named, 
the electro-chemical theory, which depends upon them, has no 
sure foundation.^ 

Berzelius^s remarks on these observations are as follows :— » 
*< De la Rive seems to be persuaded that the result of hi» 
experiments overturns the application of electrical views in che- 
mistry. !• do not. partake in his persuasion,— on the contrary, 
I think his experiments give a new confirmation to it. At the 
same time, all depends upon the point of view from which we 
set out. De la Rive treats separately of contact, chemical 
action, and the developement of electricity, as altogether inde- 
pendent of each other ; and he has in one place said that che* 
mical processes excite electricity like friction, &c. If it be right 
in scientific philosophy to consider these as independent, then 
may De la Rivers result be opposed in some measure to the 
electro-chemical theory. But if, on the other hand, it is right 
to admit, that, upon every occasion of contact between bodies, 

• Ritchie's first experiment in the paper above referred to is in no way in- 
consistent with this. Sulphuric acid in that case did not conduct any elec- 
tricity^ because^ there being no chemical action^ there could^ according to 
the chemical theory, be no developement. In regard to oonductors, De la 
Rive has shown also^ — 1st, . That different liquids transmit electricity to 
solid bodies with different degrees of facility ; 2d, That of two metallic sur- 
faces similar or dissimilar, that which most easily gives out its electricity 
to a liquid is positive in respect of the other in the same liquid ; and, Sd, 
That a meUd or a liquid may be a good conductor for one intensity and. a 
bad one for another. 
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aa aflSnity (foreoingdhegSr, desire <jf unions) belon^ng to niat-» 
ter begins to manifest itself,— if this affinity coincides with elec- 
tric energy in such a way» that where the one shows itself the 
other is manifested to such a degree, that the electro-chemical 
theory sets them down as identical, (and this mode of consi- 
dering the phenomena in connection is probably the right 
one,) then De la Rivers experiments contain nothing in oppo- 
sition ta its views. All the inversions of contact electricity 
which De la Rive has brought forward in his first treatise, and 
which he so skilfully contrived for bringing out the result he 
wished to arrive at, cease to be exceptions, when we remember 
that liquids give electricity of contiict with one another as well 
aa with solid bodies, and that this may be much stronger * 
than that between two solid bodies :-*-«nd when we remember 
that in the cases brought forward by De la Rive, the metals 
whose polarity changed in respect of each other, lie very near 
in the electrical series; *(* and thus their electricity is easily de- 
stroyed by a change produced by the action of the liquidisr 
upcm each other or upon one or both the metals. If the elec-« 
troK^bemical theory be well founded, no electricity of contact 
can be developed in a hydro-electric combination, nor any 
eleetrio stream arise unless a chemical action take place. De 
la Rive has shown that such is the case, and yet he has drawn 
from it the very opposite result, that it is opposed to the spirit 
of these theoretical views. So difierently may facts be judged 
ai^rding to the point of view from which they are regarded. 
In general, it is proper to remember that those who would 
overthrow the electro-chemical theory, must not stop at those 
{dtenomena of contact electricity, in which unknown circum- 
stances, wkh their inexplicable UzmTeries often mock our ef- 
forts ; but they must persuade us that the electrical state which 
De la Rive calls, etat de coufant^ does not overcome and de- 
stroy the strongest chemical affinities, — does not present them 
to us in an order quite the opposite of that in which they are 
previous to the action of the stream,— does not, for example, 

* This is exactly what we have urged above more in detail in our re- 
iBUrks upon Mr Ritchie's 3d experiment. 

ffr This argament is still stronger ag^ainst a change of polarity in the case 
of two plates of the same metal. 
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in the same liquid unite gold with chlorine, and reduce iron 
when the former is positive and the latter negative ; and till 
this is done we cannot consider electrical energy and chemical 
affinity as two separate and independent principles." 

Heat — Passing on to the subject of heat, we have an account 
of some researches of Svanberg into the heat of the planetary 
space. It is known that Fourier, in Jiis valuable researches into 
this subject, deduced from the laws of radiant heat that the tem- 
perature of the planetary space is — 60® Cent. s= 58 Fahr., and 
that the earth has nearly reached its limit of cooling. Svanberg 
has built his researches upon a different principle, and has ob- 
tained the same result. From his letter to Berzelius on the sub- 
ject, we extract the following : — ♦* Led by these considerations, 
and by the many known affinities between light and heat, which 
are especially remarkable in the acknowledged property of solar 
light to develope heat in opaque and imperfectly transparent 
bodies, I began by supposing that the planetary space (consider, 
ed as perfectly pellucid) never undergoes any change of temper 
rature either from the action of light or of radiant caloric, and 
that, therefore, the capacity for elevation of temperature aboVd 
what reigns in the ethereal regions, can exist only within the 
limits of the planetary atmosphere. Further, that the rapicKt^ 
of the change of temperature at an indefinite height above the 
surface of the earth, is always proportional to the rapidity of 
the atmosphere's corresponding change of capacity to absorb 
light. In this way I obtained the temperature of the atmosi 
phere, (expressed in a function of an indefinite height above the 
earth's surface) containing only two arbitrary constants, of which 
the one is also a function of the time, and is determined always 
by immediate observation of the given temperature at the mo- 
ment on the earth's surface ; the other, namely the tempera* 
ture of the planetary space, is constant, even in regard to the 
time. 

'^ The numerical solution presupposes accurate observations 
of temperature at isolated points to a considerable height above 
the earth's surface, which, however, are unfortunately so ex- 
tremely few, that we can have recourse among newer observa- 
iions to but a ungle one, that of Gay-Lussac, in his aeronau- 
tic expedition. It were to be wished diat the same* experi* 
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ments were repeated pflrticulnrly in the neighbourhood of the 
equator, where the oscillations around the mean . state of the 
atmosphere, and consequently the prejudicial influence of ac* 
cidental circumstances are less to be dreaded^ In the mean- 
timei av£uling myself of this observation, I have obtained for 
the planetary space a temperature of — 49*85 Cent, which dif. 
fers only by | of a degree from the result of Fourier, deduced 
from the laws of heat radiated from the mass of the earth, 
the temperature of which he supposed to have reached its 
asymptotic state of absolute unchangeableness on the whole. 
Without believing in the identity of light and heat, or in the 
certainty of our photometric knowledge, I have thought it not 
entirely void of interest to see what result, in relation to this 
point, could be obtained from Lamberts statements, in regard 
to the absorption which takes place in a ray of light passing 
from the zenith through the whole atmosphere, calculated on 
the supposition that the differential of the increase of tempera- 
ture is always proportional to that of the so absorbed light. 
By this process I have obtained for the required temperature 
— 50^35. 1 was most agreeably surprised by so remarkable an 
agreement between both of these results and that which Fourier 
derived from principles so different ; and it affords an addi* 
tional reason why the function I have given for the tempera- 
ture should be taken into due consideration. The immediate 
results of the same are, that the temperature diminishes with a 
constantly diminishing velocity, as we ascend in the atmosphere, 
and that even at a given height, this velocity is greater the 
higher the temperature at the earth^s surface. 

^^ Without having in view any examination of the formulae 
for determining heights by the barometer, I have, in. the ap- 
plication of them to the observations of Ouy-Lussac, shown, 
that in the determination of heights so uncommon as that of Gay* 
Lussac, causes of error may intervene, which in the case of lower 
and more common heights it is not necessary to take into account. 
To me that function is of importance, since from it I have 
derived a function for the refracting power of the atmosphere 
at all points of the trajectory of light, and I have, by way of 
preliminary, treated in considerable detail the formulae derived 
from it, for the definitive determination of ^ the refraction it- 
self, in which I have proceeded so far that I have at last com- 
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menoed the purely matbematieal investigation of tbe required 
problem, such as it becomes after the strictest discussion of 
all the physical points connected with it.*" 

Ifidrgamc Chemistry. — Of tbe more important matters under 
this head, we shall give a brief catalogue Raisonn^. 

PhosphurreUed hydrogen,*-~'tiose has shown in regard to 
this gas^ that it throws down only those metals which phos^ 
pborus alone precipitates^-^that both the hydrogen and phos- 
phorus are oxidized at the expence of the metallic oxide, — and 
that the precipitates are always, except in the case of mercury, 
which comports itself in a peculiar manner, in the metallic 
state^* ... 

Hydrate of Bromine* — Lowig has found that bromine 
combines with, water at the freezing point, forming beautiful 
red octc^edral crystals, which are decomposed by a heat of 
B4f^ Fahr. It may also be formed by passing gaseous bro- 
mine through a moist tube at a temperature of 30^ or 40^ 
Fahr. f 

Iodide of Jzote.^-^To prepare this compound, Mitscberlich 
dissolves iodine in aqua regia, and obtains chloride of iodine. 
This chloride saturated with ammonia gives chloride of am- 
monium and iodide of azote, which, if the quantity of iodine 
employed do not exceed a grain, may be safely collected on a 
small filter. J 

^ Iodides of C£»rten.-*- According to the analysis of SeruUas, 
the solid iodide consists of 1 carbon + 3 iodine = C I^, and the 
liquid iodide of 1 carbon + 2 iodine = C I«. § 
' Hydriodic Acid. — Felix d'Arcet evaporates hypophospho* . 
rous acid till it begins to give off phosphuretted hydrogen, — ^he 
then mixes it with an equal weight of iodine, and applies a 
gentle heat. The fdiosphorus is acidified at the expence of 
the water, and the hydriodic acid comes over with such rapidity 
that it may be collected over mercury, and when the flask is 
full, be removed and corked without undergoing decomposi« 
tipn. II . 

• "PoggendorT'h Annals, xiv. 183. 
. t Ibid. p. 114. , 

t Ibid. p. 539. 

§ Ann. de Chim. et de Ph. xxxix. p. 880. 
I; Ibid, xxxvii. 220. 
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Chhridcs of CyafWgen.-^Whea i^snide of merony vith a 
littb water is exposed to the sun^s rays in aa atinos|^ere of 
chlorine, an oily compound is formed,, whieh collects on the bot. 
torn of the vessel. By the experiments of SeruUas this is a 
sesqui-chloride of cyanogen !-r cy.^ chl.^ 

3^ If SO grains of anhydrous hydrorjranic acid be exposed 
to the sun^s rays in a flask containing 80 or 100 cubic inches of 
chlorine, at first a liquid and afterwards a solid partly crystal* 
lized white substance is deposited on the inside of the glasSt 
After a few days the flask is opened^ the muriatic acid blown 
out, and the white substance detached by a little water 
and fragments of glass. It is pressed, dried perfectly ,^ and 
distilled. A colourless liquid passes over, which solidifies 
into a crystalline mass. This is bichloride of cjmnogen, s 
cy. chL^ and consists of 73»46 chlorine + ^.54 cyanogen, or 

1 vol. cyan. + 2 vol. chlorine. It is white, crystallizes in 
needles, has a powerful odour, causing tears, and a weak pun« 
gent taste, reminding one of the smell. It has a specific gra» 
vity of 1.32, melts at 284'' Fahr. and boils at 374^. It is 
sparingly soluble in cold, but more easily in warm water^ 
which decmnposes it, forming muriatic and cyanic acids. The 
cyanic acid is diflerent from Wohler^s. It dissolves with earn 
in alcohol and ether, and the alcoholic solution is precipitatted 
by water. It is very poisonous. 

Cyanic and Cycmoua Adds^'^li the bichloride last mention- 
ed be treated with water till completely dissolved, then evapo* 
rated slowly to dryness, and the solid substance which re* 
mains purified by one or two recrystallizatioos, we obtain a. 
pure colourless acid in small transparent rhombs, of a specific 
gravity between 1*7 and 1.8. According to SeruUas, it con* 
sists of 61.89 cyanogen + 38.11 oxygen, or 1 atom cyan. + 

2 atoms oxygen. The acid of Wobler has only half the oxy*« 
gen, and must therefore be called the cyanous acid. Their 
composition is 

(SeruUas) Cyanic Acid, 1 atom cyan. + 2 atoms oxygen. 
(Wohler^s) Cyanous Acid, 1 — — cyan. + 1 — oxygen. 

The cyanic acid sublimes in needles, undergoing also a par- 
tial decomposition by the heat. It dissolves with difiiculty in 
water, and has therefore no particular taste. It reddens lit- 
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•mUA paper, dissolves without change in sulpharic. acid, and 
may .be thrown down by water. It is dissolved by boiling 
nitric acid, and separates from it by crystallization. The nitric 
acid, may be distilled from it without producing decomposition. 
It does not seem to be poisonous. With potash, it gives a 
neutral salt^ which is easily soluble, and an acid salt, which di»> 
sdives with di£Sculty. 

. S%dphfwrei of C^oncj^^n.-— Lassaigne,* by mixing perchloride 
of sulphur with twice its weight of cyanide of mercury, and 
leaving them some days in a flask, has obtained a colourless 
crystalline sublimate, which is a new compound of sulphur and 
cyanogen, having the following properties : It sublimes spon- 
taneously into rhomboidal scales, which powerfully decompose 
light. It is very volatile, has a pungent odour, and seems to 
act with consid^able energy on the animal economy. Ex« 
posed to air and light, it soon becomes yellow. It dissolves 
bc^h in water and alcohol. Its solution in water reddens lit- 
mus, and gives a red colour to the salts of iron. This is the 
only compound of these two ekments which has hitherto been 
cditained in an isolated state. It contains M per cent, of sul- 
phur, and may therefore be considered as a di-sulphuret oi cy- 
anogen ; we have therefore three known compounds of sulphur 
and cyanogen, 

l"" 1 atom sulphur -f- 9, atoms cyanogen 
2** 2 — sulphur 4- 1 ■ cyanogen 
y 4 I sulphur + 1 — cyanogen 

The first is the sulphuret of cyanogen of Lassaigne. 

The second the base of the sulpho-cyanic acid of Porret. 

The third is the base of the sulphuretted sulpho-cyanic acid 
of Berzelius, a yellow compound obtained by heating sulphur 
in prussic acid vapour. 

Magnesium^ — Bussy •[• has obtained this metal in the form 
of a brown metallic powder, not oxidizing by contact with air, 
water, or dilute nitric add, but dissolving in caustic potash 
and muriatic acid, and at a high temperature burning with 
residue of magnesia. He prepares it by passing potassium in 
vapour over dry chloride of magnesium. 

• Pqggendorf' s Annak, xiv. 532. 

+ Journal de Chim. MedtcaU, iv. 4.56. 

NEW SBEIES, VOL. III. NO. I. JULY 1830. B 
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We sidbjoin the faUowii^. remarks of Beraelius suggested 
by the name of this metal : .^^ The radicals of magnesia and 
manganese have their name from the same wcN*d. The one is 
called magnesia alba, and the other magnesia nigra. When 
thj9 metal of the latter ^was obtained it was immediately distin- 
guished by the name Manganesium. Philologists found tbia 
word too long, as well as badly derived, and Buttmann chose 
the name Manganium, from the common root of both, pMyyam^ 
%vhich was adopted by Elaproth, and followed in the Swedish, 
G^man, and Danish nomenclatures. In England they retain 
the word manganesium. To prevent confusion, Davy adopted 
{(X the radical of magnesia the name magnium. This may 
be good enough in the English nomenclature, in which they 
are not scrupulous about regular derivations, but when dis<- 
tinguished German authors use both magnium and mas- 
ganium, it is to introduce changes without reason, and So 
destroy the simple uniformity of name, which aii^t be at* 
tained hy the geoeral uae of the term mangsnium.^^ TMs 
complaint of Berzelius is not without good grcnmd. In thaa 
country we can hardly mistake between the generally receiv- 
ed terms magnesium and mai^^anese ; hut when in Gemttny 
we find magniom, magnesium, and takaum, as synomyma 
for the former, and mangan, mangantum, and magnemm ftiv 
the latter, there is at least a confusion ift souad which is per- 
plexing in a chemical nomenclature. 

Glucinum and Fif^rium.-^We have not space tat more than 
a notice of the reduction of these two metajs by the indefatiga- 
ble Wobler. He obtains them from the ^hydrous chlorides 
by means of potassium, in a way analogous to that in w^ich 
he formerly reduced aluminium. They are procured in th/e 
form of dark grey powders, not oxidized by air or water, but 
burning when heated, aiid leaving glucina and Yttria respec- 
tively. Their compounds are described in Fogg^ndorf > An-, 
nala^ xiii. pp. 577 and 581 . 

Reduction of sulphuret of ^r^fnic.-^Liebeg has p^r£ecte4 
the detection of sulphuret of arsenic. He draws out a fin« 
tube, as for the reduction of arsenious acid by charcoal, dropp 
into it a minute fragment of the sulphuret, and covers it two 
or three lines deep with carbonized acetate of lime. Imme- 
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^wtafy OB heatnig, the atsenic is depoftited in the ipetiillio state 
-OB the upp«r portion of the tube. 

liMde €f Arsenic.'-^Fhmaa has shown that the easiest way 
•^preparii^ tfaisoompound is to digest three parts of metallie 
arsenic in fiae powder, with 10 of iodin^ and 100 water* 
When it ceases to smeU of iodine it is eTaporated, aad the 
compound shoots out into red crystals conststing of 

1 atom arsenic, 
S atoms iodine. 

New Chromic AdcL-^Tihis green acid, describe by Eoech- 
lin in the BvUeHn de Sciences Mathem. ^c. February 1828, 
p. 182, is shown by BerzeGus to be a bitartrate, which, like 
many other tartrates, is not precipitated by alkalies, but gives 
with them crystallized double salts. 

Mektk.^^ln a foroier Number of this Joumetl we gave the 
Jesuits of several analysis of platinii ores by Berzelius. The 
.v»ry eUbqrate paper in the Tr^Mactiotis of ifuf Swedish A^^ 
4mff for 1828^ from whkh these were tAken» contains, many 
•valuiible reftsarches into the Bature and comlHnatipns of the 
metals which aceompady platinum. As these, we believ^^ have 
not appeared in any English Journaly we shall here present a 
-akort vie# of his results. 

Atomic Tr«^A^.-«^These weights, determined from the de- 
composition of the double salts^ differ oonsidorably from his 
former numbers, and are as follows : 

Platina and iridiumy 1S8&4ST 

Osmium, - 1244. 22 

Rhodium, - 651. 38 

PaUadium, . 665.784* 

Otrtdeff.-— Iridium has four oxides. 

The pvott>xide =3 I indium + 1 oxygen. 

Sesqui-oxide =r 2 ■ + 3 — — 

Deutoxide = 1 . ■ + 3 

Tntoxide = 1 — 1- 3 

• Thelfe atomte wdgbti, as fortAetly gi^en by Dr Thomson, art rho- 
diuni S'.iS^^iridicim t.7S, paUAdiaiki 7. 
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The first, second, and fourth can be obtained in a separate 
state ; the third exists only in the form of salts. The se^ 
cond is the most fixed. It bears a red heat without decom- 
position, but is decomposed by hydrogen gas at common tem^ 
peratures. The blue oxide is a combination of the proto and 
sesqui-oxides, as the blue oxides of Molybdenum and Tungsten 
are combinations of two degrees of oxidation. 

Osmium has a specific gravity of about ten, and forms five 
oxides, — 

Protoxide = 1 osmium + 1 oxygen. 

Sesqui-oxide = 2 ' + 3 

Deutoxide = 1 1- 2 

Tritoxide = 1 + 3 

Osmic acid = 1 — — + 4 

These oxides may be obtained in a permanent form from 
the corresponding chlorides. The acid alone is volatile, and 
in dose vessels the other oxides are not reduced by heat into 
the volatile acid and metallic osmium, as might have been ex^ 
pected. In open vessels they absorb oxygen, and are driven 
off. Osmium gives a blue oxide, a combination of the two low- 
est, which is obtained when a solution of the acid is mixed with 
sulphurous acid, and left for some time in a corked flask. 1 be 
solution has exactly the appearance of a sulphate of indigo. 

Rhodium has two oxides,— 

Protoxide = 1 rhodium + 1 oxygen. 
Tritoxide = 1 1. 8 

These combine in various proportions, but no distinct deut- 
oxide has been obtained. 

Palladium has two oxides,— 

Protoxide z= 1 palladium + 1 oxygen. 
Deutoxide = 1 . + 2 

The second of these is new, as is the bichloride to be after- 
wards mentioned, and is obtained from the double salt of po- 
tash and bichloride, by digestion with caustic or carbonated 
alkalies. It is of a brown colour ; dissolves slowly in oxygen 
acids, giving a golden yellow solution. From dilute muriatic 

3 



Chemical and Pineal Sciem^e. 31 

iu:id it (kvelopes chlorine, but with oonoentrated forms bi« 
chloride. 

Carburets. — Carbon and iridium combine with great easier 
forming a quadri-carburet of iridium. 

StdphureU of iridium are obtained on decomposing the 
chlorides by sulphuretted hydrogen. They dissolve with ease 
in nitric acid, forming sulpho-salts. By a red heat they are 
changed into subsutphates. 

Osmium has as many sulphurets as oxides, which may be 
formed either by the humid or the dry way. Those with less 
sulphur obtained by precipitation are yellow and partly solu- 
ble in water ; that with most is thrown down completely from 
m acid solution. Heated in vacuo it gives off sulphur, and 
changes with combustion (eldphenomen) into a compound (^ 
two degrees of sulphuri^ation, which contains two atoms metal 
with five of sulphur, and is decomposed with great difficulty 
by heating in hydrogen gas. 

Fhosphurets. — Iridium and osmium combine also with phos- 
phorus. The sulphuret of iridium is gray, that of osmium re- 
sembles the metal, but is not vdatile ; leaving when heated a 
subphosphate of osmium. 

iSiiite.— We have not space to give even an analysis of the 
interesting matter Berzelius has brought together in regard to 
the saline combinations of these metals. We shall merely in- 
sert, therefore, a view of the composition of the double salts. 

Iridium unites with chlorine in four proportions, forming a 
chlpride, a sesquirch)oride, a bichloride, and a terchloride, an- 
alogous to the oxides. Berzelius has formed and analyzed a 
series of double salts constituted as follows :— 

atom chloride of potassium + 1 atom chloride of iridium. 
' ammonium + 1 ■ 



potassium + 1 — s€squi chloride of - 
■ + 1 bichloride . 



• of ammonium + 1 " 

- of sodium • + 1 ' ♦- of iridium + 6 water. 

—-potassium + 1 terchloride of iridium. 



The fourth of these is the common double salt formerly 
known. 

Osmium combines with chlorine in the same proportions as 
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iridintti, and forms double^^^saltB of the same aippearanee and 
composition as those above-mentioned. Those containing pO' 
tatfc Berzelius has formed and described. 

The red double salts of rhodium, with potassiutift und sodium, 
lire unlike In composition. They are eompdsed tX 

3 chloride of sodium + 1 terchloride of rhodium + 18 water, 
% ■ potassium + 1 ■ ' + 1 — — 



Of palladium Berzelius has formed two new double s^ts, 
consisting of 

1 «|Qm chloride of potAiwiufii + 1 ^chlQriAQ of p^lladHuo^ 
\ — -« ammonia + 1 chloride -• — rt 

The latter Angular compound is obtained by treating ehla. 
fide of palladium with caustic apomonia, and evaporating. 

From these results it will be seen how much Berzelius hatt 
done for this hitherto obscure portion of ehemieal science, by 
his examination of these rare metals. The liberality of tbe 
Buseiian government put it in his power to prepare them in 
large quantities, and to. subject them to repeated investigar 
tions. It was not without considerable pleasure that we saw 
in his laboratory a whole phial filled with metallic osmium, and 
not without still more that we were presented with a portion 
of it tw our own use. But tbe quantity of the ore found in 
Russia, and the employment of platinum in coinage, will soon 
make the associated metals move pkntiftd. 

Ffdminatvfig iS'ijt;^.-— Mitscherlicb^ mode of prepmnng this 
substance is very simfde. He dissolves a alver salt in caustic 
ammonia to saturation, and adds caustic potash in excess. Th^ 
fulminating silver falls immediately, and mere is obtained by 
heating till the ammonia is driven off.* 

Red Zread.— This substance is generally supposed to be a 
mixture of protoxide and peroxide of lead in variable propor- 
tions. " In some very beautiful red lead,'' says Dr Thomson, " I 
have found the proportion of protoxide amount to nearly one- 
half of the whole weight. Acetic acid dissolves out tbe protoxide), 
and leaves the peroxide untouched." ■(• Fischer has shown 
that red lead dissolves in concentrated acetic acid, giving a clear 

' Poggend. Anni xii. p. H3. t First PririciplH, fi. 397. 
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ooIaurlaM fe9lutiQD) wlueh itt a cIok vessel undergoes no change. 
Wauir dcoompoaes k^ and thfows down the brown * oxide. 
'*' I have repeated this experiment,^ says Berzelins, ^* and find 
that ft small quantity of acid eonverts the minium into a co- 
lourless salt ; a larger quantity dissolves iL Heat throws down 
tlie brown oxide without previous dilution. This seems to 
show that red lead is not, as some have supposed, a compound* 
of two oxides.*** If so, it will be the sesqui-oxide of lead. 

S%dfhureU of Lead^^^'BteStiexgy'f in a paper which haabeen 
thought worthy of one of the annual prises of the Swedish 
Academy, has shown that lead bas.two lower degrees of sul- 
phurization than those formerly known. One of these is ob« 
tained when twenty-five parts of sulphuret of lead (atom to 
atmn^) are mixed with 21.6 of lead in fine grains^ and melted 
for fifteen minutes under glass of borax. Its fracture is cry^ 
atalline and scaly, and it is so soft, that it can be beat out 
under tbe hammer without breaking. It is a di-sulphuret of 
lead. The other is obtained by melting the same mixture la 
the open air without glass of borax. Its fracture is fine-grain»^ 
ed ; it is still more malleable than the former, and is also sec^ 
tile* It contains only half the sulphur of the former. He has 
shown also^ that tbe mixed ores known in Germany by the 
names of stein, bleistein, kupferrohstein, dunnstein, &c con-* 
tain the protons ulpboret of iron combined in exact chemical 
proportions with the former of these, the di-sulphuret, with the 
di-sulphuret of copper, and, occasionally a proportion of zinc. 

The known sulphurets of lead therefore are, — 

The protosulphuret = 1 atom sulphur + 1 atom lead, the common galena. 

Di*slilphu»t = 1 + ^ — ^ 

TetniBulphuret =^ 1 .- + 4 ' ■ ' ■ 

Bredberg is a young Swedish chemist of considerable pro- 
mise, and one of the Professors in the School of Mines at 
Fahlun. 

Isomorphism, — Mitscherlich, f who has done so much to this 
very interesting department of crystallography, has shown that 

• • Jahrbuchfur Ch. und Ph, ii. p. 124. 
+ R. Vet. Acad. Hand. 1828, p. 126. 
t Poggendorff's Annals, xii. p. 137. 
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the sulphuric, sdenic, and chromic acids are isomorphotts, giir-' 
ing salts of the same form where the bases and the quantity of 
water is the same. 

Hf/pophoaphites.'-'Rose ^ has investigated these salts and: 
their acid. His mode of preparing them is, with some slight 
differences, the same as that of Dulong, the discoverer. He 
describes them, like Dulong, to be all soluble in water. Most: 
of them also crystallize. Of the alkaline salts that of soda 
crystallizes ; those of potash and ammonia are deliquescent ; 
those of barytes, strontian, and lime, crystaUize, giving flexi- 
ble crystals. They contain three atoms water to two of 
salt. That of barytes dried in the vacuum of an air-pump 
contains three atoms water to one of salt. The salt of magne--^ 
sia crystallizes in regular octohaedrons, and contaiim eight 
atoms water. The cobalt salt forms large red regular octo- 
haedrons, containing eight atoms water. The salt of nickel is 
isomorphous with the last two, and contfuns the same quantity 
of water, but does not crystallize so readily. That of lead 
differs frcnn the rest in being insoluble in alcohol, and but 
sparingly in water, from which alcohol throws it down. The 
neutral salt forms crystalline plates. The acid forms also dou- 
ble salts. That of cobalt and lime gives red octahaedrons^ 
containing three atoms water. They are merely a joint cry- 
stallization of the isomorphous salts, with a difference in the 
quantity of water. The acid is composed of 

ft atoms phosphorus + 1 atom oxygen. 
With protoxides it unites atom to atom. With tritoxides it 
forms sesqui salts. 

Alum. — Eralowanszky has formed a lithia alum, having pte^ 
cisely the same composition as those already known. Fischer 
has also discovered a chrome alum, ia which the green oxide 
of chrome takes the place of the alumina in the other alums. 
Their composition will be easily seen from the following for- 
mulae:— 

LS + AZS^ + 24 water. Lithia alum. 

P S + C r S^ + Mf Chrome alum. 

• Poggendorff's Atmalsf xii. 411. 

f Dr Thomson assigns 23 atoms water to all these alums. — Firxi Prin- 
eipUs, ii. p. 440. 
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It appears, therefore, tbat lidiia is isomorpholis. widi the 
other alkalies, and the tritoxide of chrome with alutni&a, which, 
is also a tritoxide. Hence chromium and aluminum are fkio^' 
bably isomorphous also. 

Bromides.'^The bromides of arsenic, antimony, and bis- 
muth, consist, according to the experiments of SeruUas,* ci one 
atom bromine + three atoms metal. 

Carbonate and Acetate of Copper, — Gay-Lussacf has shown 
that the black powder obtained from the carbonate, and the 
brown from the acetate, by boiling in water, are only oxide of 
copper. Berzeltus had some years ago shown this in r^ard to 
the acetate. 

Chemical Jnah/ais.-^'Under this head we shall mention two* 
particulars. 

A mixture of five parts carbonate of potash, and four car- 
bonate of soda, melt easier than either separately. Mitscher- 
lich I has applied this to the decomposition of mineral sub^ 
stcmces, which takes place with such ease in this mixture, that 
as much as %0 grains may be melted over the flame of a 
lamp. Sand thrown into it in smsW portions dissolves imme*- 
diately with evaporation, exactly as when an acid is poured ' 
upon an alkali. 

It has hitherto been a very difficult matter to determine the 
amount of boracic acid in mineral bodies. Dumenil disserves 
the mineral in nitric acid, separates the ^lica byevaporation, 
and, with the neutral solution, mixes nitrate of silver in excess, 
and evaporates to dryness. On re-solution the borate of silver 
remains, being a di*sesqui-borate, consisting of two atoms 
acid + three oxide of silver. As the borate dissolves in free 
nitric acid, it may in this way be separated from chloride of 
silver. § # 

Mineralogtf.'-'^i the new minerals described, and analysis 
given by Berzelius, several have already appeared in this 
Journal. We shall notice those only which have not previous^ 
ly been laid before our readers. 

• Annal. de Chirn^ xxxviii. 818. 

+ An. de Chim. xxxvii. 385. 

t Pog. Aru xiv. 189. 

§ Jahrbuchjur Chini- und Phys. 18«, i. 364. 
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Sekniupet^^t^Del Aio has tanlysed ^ gmyith bUdkcrysQd- 
lissd i9taeral occurring. with native quicksilver in limestoney 
which lies tm red sandstone in the mining district £1 Doctor*^ 
dulebras, Mexico. It consists of 

Selenium 49, zioe ?4, mercury 19i Aulphur Ii» ; which Ber- 
2eIiuB dideulates to be 4 zinc^ 1 mercury, and 7 eeleniuni, from 
which he deduces the formula, S Z n' S «^ + H ^ S ^ ; or it ia 
a compound of 
S atoms sesqui^seleniuret of zinc + 1 seleniuret <^ Haercury. 

Eeniten has examined another Mexican mineral occurring 
with mercury and sulphur in quartz and calcspar^ imd has found 
it to be a mixture of sulphuret and iseleniuret of mercury. TbjQ 
mineral whidi Tiemann found in the Hartz, and, from iu being 
entirely volatile, judged to be native selenium, Marx has ^bown 
to be .^50 a seleniuret of mercury. 

Silver PhyllingIans.''^TJ uder this name Breetbaupt hc^ de^ 
scribed a mineral occurring with galena at Borson in HilBh 
gary,.in gneiss. It is dark lead^gray, and consistf^ of thin flfxi-? 
Ue scales of a specific gravity s 5.895, and metallic lustre^ It. 
i& a compound of seleniurets.of silver and molybdenum. 

Couzeranke* — This mineral occurs in the overlying chalH 
around Couzeran in the Pyrenees. It is in tjhe forip of q]>. 
lique rhomboidtl prisms, longitudinally striated ; cross frac- 
ture uneven ; longitudinal, scaly, conchoidal. Cojour black ^ 
lustre glassy. Scratches glass, but not quartz< Specific ^a-r 
yity2r:2.69- Melts before the blowpipe^ but doies not dia* 
solve in acids. Dufrenoy * has found it u> consist of silica 5^.8|^ 
alumina £4.25, lime 12.04f magnesia 1*46, potash 5.63, 8^4 
S.75. Ihifrenoy deduces from tbis^ that the mineral consists 
of one atom of the bisilioates of pota^di and soda 4- two of the 
tersilicates of lime and magnesia + s^ silicate of alumioa ; |^ut 
aa it is rare to find the alkaUes and alkaline earths combined 
with unequal atcmis of ojioa^ Berzelius prefers the fallQwin|^ 
formula:-^ 

Lime 

1 atom tersilicate. ^ p tf u + ^ silicate of alumina. 
Soda 
• Ann. de Ckhu ct de Ph. xxxviii. 280. 



PeekHU occurs in the Tyrol with meiotype and mcisoUt^y i\^ 
latter of which it resembles so much, that it can with diKonHy. 
be distinguished from it without the help of analysis. It \m 
a vitreous lustre externally, but pearly within. Specific gra- 
vity = 2.69* Kobell found it to consist of silica 51.3, lime 
88.77, soda 8.26, potash 1.67, water 8.69, alumina, with a lit- 
tle oxide of iron, 0,9* It is composed, therefore, of 

1 atom tersilicates. -J g ^ + 4 bisilicate of lime + 1 waten 

Ber^lius remarks, that before the blowpipe be found it give 
a strong reaction of ftuoric acidy from which be infears, that the 
OlQ given as alumina, was, as in the apophylUte, fluor spar /lis; 
solved iind precipitated. 

OkenitSf a pew minerid from DifJc Island, Waygat^s Sttsits^ 
belpngipg to the aseolite family. It occurs in amygdaloid.^ Is 
white, fibrous, or finely radiated. Hardness between fluor and 
feldspar. Specific gri^vity = S«S8. Melts biefore the blowpipe 
with intumesc«nc?» Is decomposed by acids, and becomes ge* 
latinqns. According to Kobell^ it consists of dilioa 56;99, Kme 
26.85, water 1Q»65 ; which agrees with 1 quadrisilicate of 
Hme -f- 2 water, or perhaps more properly : 

1 hydrated tersilicate c^ alumipa + I hydrate of silica, as 
quadrisilicates are quite uncommon. 

jEarpAo^m/^.-^Breithaupt has given this name to a mine; 
ral from Greenland, uncrystallized, kidney^shaped, earthy, and 
rust coloured. From its action before the blowpipe, Harkort 
states it to be a hydrated subphosphate of iron. 

Tautalite. — This mineral occurs in lava around Lt^acher^ 
dee. It is black ; fv^U of cracks ; sometimes in small crystals ; 
gives a gray streak ; has a dull glassy lustre; is friable, find 
has a specific gravity of 8.865^ Harkort examined it by tb? 
blowpipe, and considers it to be a proto-silicate of ircm with 
silicate of alumina, but decidedly different from olivin. 

Fergmonitef from Cape Farewell in Greenland, has beefi 
analyzed by Hartwell, who found it composed of taataUc acid 
47.75; yttria 41.91 1 protoxide of cerium 4*68 ; zirconifi 
3. OS ; oxide of tin 1.0 ; oxide aS uranium 0.95 ; oxide of irqii 
1.84 ; loss 0:35. He ha,s classed it with the y ttrotantalite^ witji 
jf^hich it agrees in composition, except that the bases in the 
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Fergusonite take up twice as much tantalie acid as in theyttro- 
lantalite, and that here the oxide of cerium and zirconia take 
the place of the lime. Its formula is : 

X3 I T a mixed with Zr Ta 

or a tritantalate of yttria and cerium mixed with tantalate of 
zirconia. 

Aeschynit^ brought from Mias in Ural by Menge, and 
analyzed by Hartwell, gave titanic acid 56 ; zirconia SO ; per- 
oxide of cerium 15; lime 3.8; oxide of iron S.6 ; oxide of tin 
0.5* Hartwell does not give this as perfectly correct, because 
we are at present unacquainted with any method of separating 
correctly the titanic acid from the zirconia. From this cir- 
cumstance Berzelius has given it the liame Aeschynite from 
mgyQiVb), I am ashamed. 

Phosphate of Copper* — Kobell has shown that the cuivre 
hydrate globuliforme of Haiiy is a phosphate of copper, and 
Bergman has shown it to be identical with that from Rhein- 
breitbach^ analyzed by Arfvedson, whose composition is, 

8 Ci*^ P+ 5 water. 

Dioptctse. — A specimen of perfectly pure diopta'se, analysed 
by Heess, has been found to contain oxide of copper 48.89 ; 
protoxide of iron 2.0 ; silica 86.6 ; water 12.29 ; and gives 
the formula Cu^ Si^ + 3 water. It is therefore a di-sesqui- 
silicate of copper with three atoms of water. This differs com 
siderably from Vauquelin's result, which, however, was obtain* 
ed from an uncrystallized specimen — a silicated malachite. 

White iron Sinter — Kersten has analyzed an earthy white 
or grayish yellow mineral, found in reniform masses in the 
old mines at FiirstenstoU at Freyberg, and found it to consist 
of arsenic acid 80.25 ; peroxide of iron 40.45 ; water 28.6w 
It is therefore a di-arseinate of iron with 12 atoms of water. 

DathoUte, — Two new analysis of this mineral have been 
made by Stromeyer and Dumenil. We shall contrast them 
with the previous analysis of Klaproth. Stromeyer's was from 
Andreasberg— Klaproth^s from Arendahl. 
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Klaprodi. DHinenil. Stromeyer. CdcBktten, 



Silica, 


36.5 


38.51 


87.86 


37.5! 


Lime, 


35.5 


35.59 


35.67 


38.61 


Boracic acid. 


S4. 


31.34 


19.37 


18.91 


Water, 


4.00 


4.6 


5.71 


4.9 



The calculation supposes it to be a di-borate of litne + 3 ter- 
silicate of lime + 2 water. 

, DiaUage. We cannot withhold from our readers the results 

of Kohler's elaborate examination of this substance, and the 
philosophical deductions from them as to the composition of a 
great variety of mineral substances. 
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Saica, 63.707 

^Sjgaeala, 17.662 

Lime, 17.065 

Protoxide of Iron, \ 
Magnesia, J 



51.338 
15.692 
18.284 

S.079 8.230 



53.200 
14.909 
19.088 
671 
.380 



f 3. 
\ 0.i 



53.739 
25.093 

4.729 
11.510 

0.233 



57.193 56.813 

32.669 29.677 

1.299 2.195 

7.461 8.464 

0.349 0.616 



Alumina, 
Water, 



£.825 4.388 
1.040 2.107 



2.470 1.335 0.698 2.008 
1.773 3.758 0.631. 0.217 



When we compare these results, says Berzelius, with those of 
Henric Kose concerning the pyroxenes, we find a striking re- 
semblance between them, which leads to the conclusion drawn 
by Eohler, that they contain the same kinds of combinations, 
namely, bisilicates of the isomorphous bases, lime, magnesia, 
and protoxides of iron and manganese — and that the alumina 
supplies the place of a deficient quantity of silica, as is the case 
with pyroxene and amphibole. To the similarity of composi- 
tion, Kbhler has added the resemblance in the angles of the 
crystals, which can be shown to exist in several ^ecies. If we 
endeavour to find in the composition a cause for the differen- 
ces in cleavage and butward appearance between diallage and 
jpyroxene, we shall discover it by a comparison of the analysis 
of both classes of minerals. In the pyrox^es, the silicate of 
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lime is flddotti re^fefiented by maf oth^r baseg. They are bisili. 
cates of lime combined with mixed silicates of magnesia, pro- 
toxide of iron and manganese. In the diallage, the silicate of 
magnesia predominates, from the bronzite, which seems to be a 
mixed crystallization of bisilicate of magnesia with small quim- 
tities oiP the others to diallage, which is shown to be a double 
hisilkale of oftagnesia with eompeBsating pmrtioBs of bi^cat^ 
of lime, iron, and manganese, mixture which have their ori« 
gia plainly in mere chance. Neglecting the mixed alumina, 
iherbfore^ we nday represent these relations by the following 
formula : 

M ) C ) 

Pyroxene C S« + F V S« diallage M S« + F IS* 
Mn ) Mn } 

c I 

And hypersthene or bronzite ^ >S* 

Mn ) 

There seems to us to be three pmfits nec^sary to a philoso- 
phical comprehenmon of the nature and mode of formation of 
the vast diversity of mineral substances. These are, chemical 
analysis, the atomic theory, and the doctrine of isomorpfaous 
bodies. Rightly applied, their aid will unlock all the mystery 
.which variations in external characters throws around the 
study of mineralogy. Analysis setting before us one true 
atomic compound, will class along with it hundreds of others 
Which ^y only in the nature of the impurity with which thev 
kte contaminated — while the principle of isomorphism wiU 
enable lis to predicate what those impurities mtut be. Ex- 
cept, indeed, as the handmaid of the more exact sciences, of 
chemistry, crystallography, or optics, the study of minerals 
is hot in itself a science. All their combinations are aociden' 
ted. They are formed by the union of bodies uniting, indeed, 
According to fixed and natural laws, but brought within the 
range of their mutual affinities by chance ; for we cannot con- 
ceive it to have been intended for any wise purpose that ^ 
minenil ^lioutcl be found pure in one place and impure ip 
in6thet>. The mere study of minerals, therefore, as such, is 
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inferior to any other brmeb of natuml history, for the meAn*- 
tex plant or animal that groirs or moves has a prmeiple of life 
in it which Ufts it out from the mass of inanimate nature, and 
imparts a dignity to the study of its organization which many 
even of the recondite investigations of chemistry are far from 
possessing. 

EpUtote Manganeaifsre from St Marcel, has been e}aa- 
sed by some mineralogists among ampbiboles. Cordier^s aivs*. 
lysis was not satisfactory. Hartwell frids it to consist of sitik 
en 88.47 ; alumina 17*66 ; Ume 91S6 ; p^^otcide of manga- 
nese 14.08; of iron 6.6; magnema 1.8^ This result sho^irak 
that the crystalline form had rightly indicated the compositMh 
of an epidme, since the lime is here exactly compensated by a 
sdmU quantity of magnesia, and the alumina by the isdtttop- 
phons oxides of iron and manganese, of which the latter bacv 
for the first time, been made out with certainty as one of the 
elements of a double silicate, and is indeed the colouring* aaat>> 
ter in this mineral. Hartwell gives the following foniMilay 



C}s + £|m«|. 



S 



SteaiM.'^The cryslalHxed mineral from Sniirum in S^^ 
way, described by Moller under this name, has been analysed 
by Hartwell, and found to be identical with nobte serpentine^. 
It cenf«t8 of silica 42.97 ; magnesila 4l.66< peroxide of iron 
8.48 ; alumina Q.87 ; waiter and caibonte acid I'S.OSw 

Vegetable CAems^.-*- Animal smd vegf^tabfe chemistry all. 
fold to the man of science the most astonbihing field of coni- 
templatbn^ He sees all the varieties of veg^taMe' liature ret 
dudble to four eliements, and animal prodtfcis in genera) made 
up of the same number, and yet ttfere^ is no end to their com- 
binations, and none can tell the limits within wbieh the changes 
of nature wiougbt tborough the aid of sueh scanty materials 
must be confined. Yet this beavitifwt simplicity has hitherto 
lendeittd the study of bet eombinations perplexiifg, and we 
have been unable often to disco^e^ sncl» dijflferencJes in atomic 
ponrtitistion asr at all to accoont for the diversities in e^tternaT 
appearance and character of many vegetable and animal snb- 
Bnt our knowledge^ is enktrgiifg, and, as the resour- 
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ces of organic analysis become greater, it is to be hoped that 
we shall by degrees attain, if not to a complete, at least to n 
much less imperfect view of the chemical constitution of orga- 
nized bodies than we can yet boast of. 

The new researches under the head of vegetable chemistry 
most deserving of attention in the volume before us, are the 
Hquiaetic acidj found by the industrious Braoonnot in the Eguu 
setumjluviatile — an acid discovered by Runge in the Scainosa 
mccisa, which he calls green acid-— a vegetable salt basis, found 
by Brandes in the Chiococca racemoaa — another vegetable al* 
kali named Atropine extracted from the Atropa Belladonna by 
Banque and Simonin — a third, by Dana, in the root of the 
jSanguinaria Canadensis^ which he calls Sanguinarin^-^a. 
fourth, by Pelletier, from the bark of a species of Cinchona^ 
,called China de Calysaya or China de Carthagetia — a fifths 
Salicin^ prepared by Buchner from the bark of the SaUxpen^ 
tondro— and a sixth, which is the most remarkable of them 
all, being deliquescent, extracted by Boussingault from a sub- 
stance called Curara^ sold in South America for poisoning 
hunting spears, and which, according to Humboldt, is pre- 
pared from the juice of a tree analogous to the Strychni. Of 
substfmces possessing neither alkaline nor acid properties, 
Bonastre has discovered one peculiar to the wax of Cerojcyhm 
andicoia^ a crystalline fatty matter, which he has called Ce^ 
roxylin — another, in the Canium macuJattim by Brandes and 
Giesecke, half-ar-grain of which kills a dog with the same 
symptoms as Strychnin^ and which has been called Contin^— a 
third, by Dulong d^Astofort, in the Plumbago Europceaj 
named Plumbagin^-^ fourth, Hesperidinj by Lebreton in 
unripe pomegranates— and a fifth, TremeUin, by Brandes in. 
the Tremella mesenierica^ and which bears to it the same 
relation asfungin to the mushroom tribe. 

Camphor, — Libri has mentioned a curious circumstance re- 
garding odoriferous bodies such as camphor,— that if they be 
exposed to a current of electricity for a considerable time, their 
.smell diminishes, and at last disappears entirely. After a 
lapse of time, camphor again recovers the power of emitting 
odours. 

Animal Chemistry. '^^We have only space to notice under 
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his head the very interesting experiments of Wohler on the 
artificial formation of Urea. It is one of those rare results 
which approximate the productions of art to those of nature, 
and lay open the possibility of imitating her in some of her 
elaborations, though they unfortunately a£fbrd little ground 
for the flights of those airy speculators who hold up the pro- 
bability of our being soon able to dispense altc^ether with the 
agency of nature in the production of the animal and vegetable^ 
substances, upon which we at present depend for our exist- 
ence. 

If Cyanite * of silver be treated with a solution of sal-ammo- . 
niac, or cyanite of lead with caustic ammonia, there is formed, 
instead of x;yanite of ammonia, a crystalline matter which has 
all the properties of pure urea, and which therefore is Urea. 

The constitution of urea, according to the analysis of Prout, 
compared with that of one atom each of ammonia, cyanous 
acid, and water, is as follows : 





Urea. 


Cyanite of ammonia. 


Hydrogen, 


2 atoms. 


4 atoms. 


Carbon, 


1 


2 


Oxygen, 


1 


2 


Azote, 


1 


2 



From which we see that the elements in both are in the same 
proportion, which confirms the experiments of Wohler. Yet 
urea is not a cyanite of ammonia, for stronger bases do not 
develope ammonia. The atoms, therefore, must have com- 
bined themselves in a difierent manner, so that the cyanite of 
ammonia, from being a compound atom of the second, has pas- 
jsed to the state of a compound atom of the first order. This 
is one of those few examples from which we can accurately 
and strictly deduce the law, that the same number of single 
atoms may combine in different ways, so as to produce bodies 
of very different characters and properties. 

Geology. — In connection with geology, we shall advert to 
C. 6. Gmelin'^s elegant examination of clinkstone. He has 

• This is prepared with Wohler's acid, which we have shown ahove 
must he called the Cyanous, and its compounds, of course, Cyanites. 
NEW SEEIES. VOL. III. NO. I. JULY 18S0. C 
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found that this volcanic rock is an aggregate of mesotype and 
felspar. He shows this in a very ioti^jresting way. He treats 
the mineral with muriatic add, and separates the dissolved 
portion, after which the inlica of the decomposed part is di&* 
8(dved out by boiling with carbonate of potash. In the meso- 
type, a portion of the soda is compensated by potash and lime, 
and a part of the alumina by peroxides of iron and manganese, 
and in like manner, in the felspar, a part of the potash is com-> 
pensated by soda and lime, and of the alumina by oxides of 
iron and manganese. In this investigation the water in the 
mesotype was found to be less thim in the same substance 
when crystallized. The water might possibly be merely hy- 
droscopic, as its quantity in the inina'al varied from 0.6B3 to 
3.19 per cent. It is probable that the application of this prin.. 
ciple to other rocks might be productive of very interesting 
results, and might throw light upon geological formations, 
which we shall seek in vain from the analysis of specimens of 
rocks in their aggregated state. 

We have left ourselves no room for further remarks on this 
very interesting work. Its nature, and the ability of its exe- 
cution, will appear, we think, from the various extracts which 
we have made. With one or two exceptions from the pen of 
the first chemist in Scotland, no analyses of Swedish chemical 
works, we believe, have appeared in our language — certainly 
no such account of the yearly reports of Berzelius has ever 
been inserted in the English journals, and for these reasons^ 
independent of the many facts we have taken occasion to lay 
before our readers, we hope the present article may not prove 
wholly uninteresting. Such a work as this of Berzelius is a 
great desideratum in our own country. Could any able che- 
mist be persuaded to devote his time to such a labour, and 
could he find a bookseller sufficiently public-spirited, men of 
science would receive a most valuable gift. 
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Art. II. — Experimental Inquiries concerning the Laws of 
Magnetic Forces. By D. Snow Harris, Esq. of Ply- 
mouth. Communicated by a Correspondent. 

Xhe limits of this work prevent our ^ving more than a 
brief abstract of the results detailed in this interesting article 
from the Transactions of the Royal Society of Edinburgh, 
vol. xi. It may be divided into two parts ; 1^^, A descrip- 
tion of an apparatus invented by the author, which affords 
every facility for examining the intricate phenomena of in- 
duced magnetism. Its principal parts are a graduated per- 
pendicular bar, surmounted by a divided quadrant ; near the 
U^ of the bar is fixed a wheel, of which the axis resfs on fric- 
tion wheels. As this wheel, when in use, never makes an en* 
tire revolution, the part which stands uppermost, when at rest, 
is on the circumference supplied with a slight projecting arm, 
ifhich serves as an index to the quadrant. A light. thread 
paases over tJiis wheel, (being Tautened thereto,) to one extre- 
mity of which a light magnet or piece of iron (as occasion may 
require) is attached, and to the other a counterpoise adjusted 
80 as to be of i^qual weight thereto. The delicacy of this ma* 
chine is sufficient for the most minute investigations. 2d, 
The results obtained by the useof this apparatus. The quan- 
tity or force of magnetism induced in a bar of soft iron I^ 
the approach of a magnet is indicated by a piece of iron A, 
suspended from the wheel ; beneath this is fixed the iron un- 
der experiment I, and below this a magnet M, is placed, the 
distance A I being constantly 0.2 inch. 

Table I. 



Oistonce I M. 


Force induced 


1. 


3. 


0.8 


4. 


0.6 


5. 


0.5 


6 


0.4 


7.6 


0.3 


10. 


02 


15. 
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Hence it follows that the magnetic developement induced in 
the iron increased in an inverse simple ratio of its distance 
from the magnet. The truth of this receives confirmation from 
the weights required to break the contact of A and I, M be- 
ing now placed upermost, and A below and in contact with I. 

Table II. 

Distance I M. Weights in grains. Mean weight in grains 

required to break contact A I. 

4. between 190 and ^10 SOO . 

3. 260 and 280 265 

2. 390 and 400 400 

L a little less than 800 800 

But this, mode of experimenting is not so accurate as the 
former. The same result obtains when the iron I and the 
magnet are placed horizontally, and the index iron A perpen-. 
dicularly. 

*^ This law of magnetic induction is observed to proceed uni- 
formly from the distance at which the force first becomes 
measurable, until the iron and magnet are very nearly ap- 
proximated, but then begins to vary. Thus when they were 
approximated within 0.1 inch, the increments in the attractive 
force began to diminish. From this it would appear either 
that the similar and distant polarities begin to exert a sensible 
influence, or that a limit exists approaching saturation, beyond 
which the inductive effect on the iron does not proceed with 
the same facility as before. In either case, this limit may be 
supposed to vary with the power of the magnet. This was 
found to be the case by using successively magnets of differ-^ 
ent degrees of intensity ; the induced effects being at first pro- 
portional to the power of the magnet, but the increments of 
force by approximation begin to diminish at a greater or less 
distance in proportion to the intensity of the original magnetic 
forces Cceteris parilms, the attractive force of magnets by in- 
duction at their distant poles is inversely proportional to the 
lengths of the iron ; and, as before observed, proportional to 
the powers of the inductive magnets." The distances of M, I 
in the experiments referred to in the following table = 0.3 
inch, and I, A == 0.2 inch. 
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Table III. 
Position of M I vertical. Podtion of M I horiz60taI. 

Length of iron i. Force induced Length of iron I. Force induced 
5° = 1 gr. 5^^ = 1 gr. 

1. 20 3 18 

1.5 14 ' 6 9 

2 10 

3. 7 

It appeared in the oourse of the experiments, that, whether 
the iron I was presented to the magnet in a lateral or longitu- 
dinal direction, still the induced force of the superior pole did 
not materially differ. It also became evident that when A 
was so nearly approximated to the magnet M as to be, when 
alonCf within the sphere of its action, yet when I intervened, 
it appropriated to itself the attractive power y thus intercepting 
the effect which M would otherwise have produced on A^ A be- 
ing as it were insulated thereby. By substituting a small 
magnet in place of the iron A, and removing M, the effect was 
the same whatever was the length of the iron I, it appearing that 
the proximate poles of magnets by induction are of equal in- 
tensity. ^^ As the iron I receives a magnetic developement in- 
versely proportional to its distance from the magnet M, we 
may consequently, by varying this distance, alter the relative 
magnetic intensity of I at pleasure; and thus, by fixing a 
second mass of iron i, immediately above I at a constant dis- 
tance i I, this mass i can be caused to operate on A by a sort 
of second induction, so that by preserving the distances A f 
and i I, and at the same time varying I M, we have all the 
conditions requisite for determining the law of the inductive 
influence, when the force of a magnet (as we may term) I, is 
made to vary, but its distance from the iron i preserved con- 
stant. The experiment being thus arranged, it was found, as 
might have been anticipated, that the second mass of iron i 
received an attractive force directly proportionate to the mag- 
netic intensity of the mass I below. The same result was ob- 
tained when the force was varied by means of magnets instead 
of by induction, the forces of the magnets being to each other 
in a known ratio.^ In the following table are contained the 
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results of experiments, thfe distance A i in the series by induc- 
tion, and A I in tlie series by magnets, also the distance 1 1 in 
the inductive series = 0.8 inch. The distance ,M I = 0.5 
inch. 

Table IV. 
Force varied by induction. Force varied by magnets. 

Mogneticintensity. .^or^^^^^ Magnetic intensity. ^J^^ 

13 16. 

2 6 2 10. 

d 9 3 15. 

Hence we may conclude that the magnetic developement^in 
masses of iron by inductioh is, asteris paribus, directly pro- 
portumnte to the power of the inductive force, and inversety 
as the distance, and that the forces which magnets develope 
in a mass of iron at a given distance, within the limits already 
noticed, may be taken as a fair measure of their respective in- 
tensities. It is a well known fact, that by placing a mass of iron 
in contact with one pole of a magnet, an increase of force ap- 
parently obtains at the other ; and under similar circumstan- 
ces this has no relation to the mass of iron, nor to the direc- 
tion, whether lateral or longitudinal, in which the iron was 
placed with regard to the magnet. The iron A b^ing suspend- 
ed aboVe the extremity of magnets M, of various intensities, 
placed horizontally, and a bar of iron I, situated in the same 
plane being thereto approximated. 

Table V. Tatoe VI. 

Magnetic force constant. Magnetic force variable. 

Distance MI. ^^-,:;^- Intensltie.<yf .agnete. ^^^.^^^ 

0.6 3. 1. 2. 

0.4 4.5 2. 4. 

0.3 6. 8. 6. 

0.2 9. 4. 8. 

The distance A M in Table V. being 0.8 inch, attd in Tablfe 
VI. 0.8 inch, constant distance Sf I, Tablfe VI. at which the 
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variable forces acted 0.9. inch. A mass of iron I, being placed 
horizontally with one of its extremities beneath A, and a mag- 
tiet Mj opposed to its opposite extremity, so as to induce mag- 
netic developement, the distance A I, and the attractive force 
being noted, a similar mass of iron *, was opposed to the in- 
duced pole ; and thus, by making the distance M I constant^ 
and varying that of I i, the magnetic developement in I re^ 
mained constant, whilst the distance of the iron i was variable^ 
and by making the distance 1 1 constant, and varying I M , 
we vary the magnetic devdopement in I, whilst the distance 
of i is constant. The distance A I is constantly 0*S inch. 





TABtB VII. 




Magnetic force 
Distance I t. 


by induction constant, distotee variable. 
Decrease of f«Mrce of attraction. 


ae 




a 


0.4 




M 


0.3 




6. 


Q% 


TABtB VIII. 


9. 



Magnetic force of induction variable^ distance constant. 
Diatanoe M I. Magnetic derelppement. Decrease of force of attraction. 

0.6 1 3 

as 2 6 

0.2 S 9 

0.15 4 \% 

The effect of the iron being proportional to the power of the 
magnet M, and inversely as the distance M I. ^^ Tba,t the ab- 
solute force of attraction exerted between a magnet and a piecK^ 
of iron should vary with the power of the magnet, and con* 
sequently with the force induced in the iroQ» cmteris paribus^ 
is what might have been previously supposed ; but the ratio 
\a which this same force of attraction migbt be expected to 
vary, when the force induced in the iron is a constant quantity^ 
whilst its distance from a magnet M is variable^ the magneti^im 
of M being either temporary or permanent, is not so apparent; 
nor does it appear that such a case had been previously con- 
templated. But we have seen, that by varying the distance 
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between a magnet and a mass of iron M I, we can within cer« 
tain limits obtain any relative intensity required ; and by va- 
rying the distance between the temporary pole of the iron I 
and A, we can preserve the force induced in A constant. Thus 
if we diminish the distance M I to one-half, we double the 
force in I : and if the distance M I be preserved, the force in 
A would likewise be doubled ; but, if whilst we diminish M I 
one-half, we double I A, then the force in A will remain as 
Jjefore. We may thus preserve the induced force in the iron 
A constant, whilst its distance from the inductive magnet I is 
variable, and by this arrangement it was clearly shown that 
the absolute force varied with the distance^ the indvcedjorce in 
the iron being a constant quantity. This was not only appa- 
rent when the magnetic force was varied by induction, but was 
also satisfactorily shown when varied by magnets, of which the 
relative powers of induction were previously ascertained. Thus 
two magnetic bars (2 M and M) whose inductive powers were 
as 2 : 1, were successively placed immediately under the sus- 
pended iron A, the stronger magnet 2 M being placed at double 
the distance from A that M was ; the want of power in the 
weaker being compensated by its diminished distance ; so that 
the force induced in A ^as in each arrangement the same ; the 
forces, however, marked by the index were inversely propor- 
tional to the distances. We may conclude from these investi- 
gations, that the actual force exerted between a magnet and a 
mass of iron, is directly as the force induced in the iron, and 
inversely as the distance." 

This case applies to the general law determined by Cou- 
lomb and others. By suspending a piece of iron A, immediate- 
ly above a magnet M, we thus simultaneously vary the force 
induced in the iron, and the distance. Thus, the distance 
A M being one inch, the force indicated was 5^ On dimi- 
nishing the distance to 0.5 inch, the force was z=: 20^* 

The following table contains the results of two series of ex<* 
periments made with two different magnets, showing the at- 
tractive force of a magnet and iron on each other, at various 
distances :— 
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Mt«net, No. 1, North Pole. 


BLE 


13 


Magnet, 


No. % South Pde. 


Distance A M. 


force ot at- 
traction. 






Dutance A M. 


J<orce ot at- 
traction. 


1.0 inch. 


4.5 


g 




1.0 inch. 


6. 


0.9 


5.5 


•B 


& 


0.9 




7.5 


0.8 


7. 




0.8 




9.5 


0.7 


9.6 


i 


f-1 

II 


0.7 




13. 


0.6 


13. 


o 


0.6 




17. 


0.6 


18. 


Sj 




0.6 




24. 



The same result obtains when the magnet is suspended and 
the iron fixed beneath it. 

'^ In order to examine the inductive action of one magnet 
on another, a magnetized piece of steel I, was placed under 
the suspended iron A, and the attractive force at a given dis- 
tance only noted. A magnetic bar M, was then placed un- 
der it, first, the similar poles, and secondly, the dissimilar 
poles, being opposed ; having previously ascertained the force 
oif the magnetized steel I, at each pole and made them equal, 
and having also equalized the poles of the magnet M, and as- 
certained their force. The results obtained from a series of 
experiments thus arranged, appeared to show satisfactorily 
that the forces acquired or lost by the magnet I, at its supe-* 
rior pole, in consequence of the inductive action, were, within 
certain limits, in the inverse ratio of the distance I M, between 
the two magnets ; after which the increments and decrements 
began to diminish. In the following table are seen the results 
of a series of experiments with different magnets marked 1,2, 
3,4. 





Table 3 


k. 






Dissimilar poles. 




Similar poles. 


Dist 


Attraction. 




Bepulsion. 


IM. 


18 3 4 


1 


S S 4 


2.0 


1. 2. 3. 4. 


1.0 


2. 2. 4. 


1.6 


1.6 2.6 2.6+ 6.6 


1.6 


2.6 2.6+5.5 


1.0 


2. 8.5 4 7. 


2.0 


a5 4. 7.6 


0.6 


3.6 6. 7 10. 


3.6 


4.6 6. 11 


0.3 


4. 7 10^ 


4. 


5, 6. 


0.2 


5 9.6 11.5 


4.H- 


5. H7 


0.1 


8. 11. 14.6 


4.6 


6.5 7.6 
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^*' The limits within which the inductive action varied ac- 
cording to an uniform law, would, from these experiments, 
appear to depend on the magnetic intensities, and on the cir- 
cumstances before observed ; so that the precise distance at 
which it becomes irregular in its action is not the same for 
each magnet ; and, it may be further observed, that when the 
inductive action operates in a contrary sense to the poles of 
the magnets, the decrements vary at last more rapidly than 
the increments, supposing in the latter case the induction to 
operate in the same sense. Similar variations from a regular 
law are observable when the force of a magnet is made to vary, 
the distance between the two magnets remaining the same. 
Thus a magnet of a double force, opposed to the inferior pole 
of another magnet, does not at all distances exert an induc- 
tive influence proportionate to its power on unmagnetized iron ; 
it appearing that cases may exist in which the intensities of 
the magnets become so circumstanced in relation to eaich 
other, that the inductive action no longer proceeds. The ab- 
solute attractive or repulsive force exerted between two mag- 
nets at various distances will materially depend on the opera-' 
tion of the inductive influence, the induced forces and the dis- 
tances being both variable ; for we have seen that the abso- 
lute force exerted between a magnet and a mass of iron varies 
with these quantities conjointly. The same may therefore be 
inferred of the absolute force exerted between two magnets. 
Thus, when only one of the bodies M, is permanently mag- 
netic, the absolute force is directly as the force induced iii A, 
and inversely as the distance, and this is still true when A is 
also a magnet, seeing that the inductive action still proceeds ; 
and this will be still true whatever be the relative magnetic 
intensities, the only difference being, that in the first case there 
is one primary inductive action, whilst in the second there 
are two. Therefcnre, the whole attractive force between M and 
A will be still found to vary in an inverse ratio of the square 
of the distance, the inductive action being supposed to go on 
uniformly.*" 

The absolute force of attraction or repulsion between two 
magnetized bodies may be readily deternuned by substituting 
a magnet M, in place of the iron A. It may be readily i|s* 
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curtained that a pcHot may be discovered, at and beyond which 
the action of nmilar poles on one another (when oppoaite 
poles are opposed,) are of no value ; and it has been seen that 
the inductive influence of dissimilar pcdarities lessens their free 
action. The approximation of N to S, supposing them oppo- 
site poles of different magnets, tend to neutralize each others 
force, and to extend the line beyond which the poles N and S 
exercise no influence on one another ; and this may be so far 
extended, that the forces N and S, are reduced to two insu* 
lated points. The approximation of N and S may contract 
this line, yet the inductive force tends to reverse the repelling 
poles. The following table contains results obtained by five 
magnets, a^ 6, c, d, e 

Table XI. 

Dist. Dissimilar poles. Similar poles. 

mMa b c d e a b c d e 

4. 3. I 3. -h 

3.5 4. I 4. I 
3. 6. — • j4 6. — 

2.6 8.5 -5 8. -h 
2. 2.5 3. 13. oi: 2. 2.5 13» 
l.g 3. + 3.5+ 16.5 "^ 2.5 3. + 15. -h 
J.«. 4. 4.5+ 31. II 3. 4. + 18.5 
1.5 4.5 S,& 23. g 4. 5, 20. 
1.4 ^.5 6. + 28. § 4.5 6.S 23. 
l.« r. 8.5 38. g 5.5 7. t8. 
1.0 1.5 2. 10. 12. 49. 5 X.5 2. 7. 9. 33. 
0.8 8. + 3. + 15. 21. "2. 3. 10. 11. 42. 
0.6 4. 6. 2»^+S«. ^ ^.-^ B. 14. 14. BQ, ' 
0.5 6. 8. 33. 40. . *« 4. 6.5 U.5 14, +90, 
0.4 9. 11.5 6. 9. 1^ 13. • 58. • 
0.3 15. 18. 8. II. 11. • 

By referring to the attractive forces, it i* readily perceptibfe 
that the law of the inverse square of the distance is manifest 
through all the approximations, except a few of the last. It 
may be supposced^ that the inductive influence which thus be- 
gins to vary, may» even before contact, so far vanish, as to be 
in an inverse simple ratio of the diststnce ; and this was found 
by experiment to dbtain. It is interesting to examine the law of 
distribution, wfaidi obtains in different points of the longitudi- 
* In these cases tBe repulsive force wad superseded by attraction. 
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nal axis of a magnet of regular figure between the centre and 
poles. Two bars of steel were regularly hardened throughout 
and magnetized ; the poles of each separate bar being equal, 
and the magnetic centre in each equidistant from the poles. 
The line which divided the magnetic curves (obtained by 
sifting iron filings on a sheet of paper tightly strained above,) 
was observed, and equal portions on each side thereof mark- 
ed off. These bars, m and M , were placed horizontally be^ 
neath the suspended iron A, — the distance A m = S, and 
AM = 5J. 



m 
Distance of point from 
centre of bar in 0.5 in. 
1. 

% 
3. 
4. 
5. 
6. 

Hence it appears that the law of the distribution varies dt- 
rectly as the square of the distance from the magnetic centre. 
But although this obtiuns in a bar begulablt hardened and 
magnetized, it is not developed with so much certainty in bars 
of which the temperament and texture are irregular. In or- 
der to avoid the interference of angular forces, which m and M 
might have impressed on A, a small piece of soft iron was 
placed successively on each point in the bar under experiment, 
thus preserving A from such angular action ; the distance of 
A from the top of the iron being 0.2 inch. 



Table XII. 






Force. 
2. 


M 
Distance of point from 
centre of bar in 0.5 in. 
1 


Force. 
0.5 


4. 




2 


2.0 


9. 
16. 




3 

4 


4. + 
8. 


25. 








36. 









Table XIII. 




•istauce ftom magnetic centre. 


Force. 


1. 


0.6 


2. 


2.0 


3. 


4.5 


4 


8.0 


6- 


12.0+ 


6. 


lao 


7. 


25.0 


8. 


32.0 
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Two masses of iron I i, were placed horizontally between, 
and under the influence of the dissimilar poles of two magnets 
m M, so as to induce in them equal intensities, as measured' 
by the attractive force on the suspended iron A. On bring- 
ing the opposed extremities of these two induced magnets »I, 
in contact, their free action was reduced to zero ; by with- 
drawing them from each other, the free action of either could 
be estimated : 1^/, the distance m M, and the induced force 
being constant, and the distance I i variable ; 2d, I i constant, 
and M m and the induced force variable ; and, 3d, when both 
the distances and the induced force were varied, i. e, when I i 
and m M were simultaneously varied. The experiment being 
thus arranged, the forces indicated by i were found to vary 
with the distance I «, when the induced forces were constant ; 
and with the induced forces when the distance I i was con- 
stant ; and with these quantities conjointly when .they were 
both made variable. " Now by whatever artificial method 
we suppose a bar of steel to be made a magnet, whether by 
the single or double touch, it would not be difficult to show 
that the first states of the magnetic disturbance, as measured 
from the magnetic centre, would be in arithmetical progress 
sion. The forces impressed on each side of zero may at first 
be conceived to go on in the arithmetical progression 1, 2, 3, 
or 1^ 2^, 3^ &c. If we conceive all these forces united in the 
centre, their free action would be zero. Let us now suppose 
these opposite forces to be withdrawn through the distances 
1 1', 22^, 33', &c. successively ; then, by the preceding expe- 
riments, the forces set free in the points 1, 2, 3, &c. 1', 2', 3,' 
&c would vary directly as the square of the distances from 
the magnetic centre, since they vary directly with the magnetic 
intensities and directly with the distances. 
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Abt. III.— iVo^ic^ of the performance qf SteamrEngines m 
ComwaUJor January ^ FebrtMry^ and March 1830. By 
W. J. Hemwood, F. 6. S., Member of the Royal Geological 
Society of Cornwall. Communicated by the Author. 

Reciprocating Enginee drawing Water 







^hi 


iji 




8 


MiHioiwoflbi. 
weight lifted 1 
foot high by the 
connimption of 
I bu>h.«f cmO. 


Mines. 


is 

Jl 


.5.2 

7,76 


|.s.s 
6,26 


1^1 
7, 


4,9 


Stray Park, - 


64 


24,1 


Hucl Vor, - 


68* 


7,25 


6,76 


17,6 


5^ 


27,2 




53 


9, 


7,6 


19,6 


6, 


48,2 




48 


7, 


6, 


8, 


6, 


29,6 




80 


10, 


7,5 


13,6 


6,1 


61,7 • 




45 


6,75 


5,6 


13,7 


6,6 


48,7 


Poladxas Downs, 


70 


10, 


7,5 


9,4 


7, 


fi4,l 


Huel Reeth, 


36 


7,6 


7,6 


15,3 


8,7 


24,1 


Balnoon, 


80 


8, 


7, 


9, 


2,8 


20,6 


HuelTowan, - 


80 


10, 


8, 


11,2 


6,1 


76,5 




80 


10, 


8, 


6,7 


4,3 


64,9 


United Hills, - 


58 


8,26 


6,6 


7,6 


4,3 


38,6 


Crinis, 


66t 


6,75 


6,76 


9,1 


5,8 


44,8 


Huel Unity, - 


52 


6,666 5,76 


9,1 


6,4 


33,7 




60 


7,25 


5,76 


18,8 


6,8 


32,9 


Poldice, 


90 


10, 


7, 


10,5 


5,3 


46,6 




60 


9,5 


6,25 


12,8 


6,9 


47,3 


Huel Damsel, • 


43{ 


7,5 


6,75 


21, 


4,6 


82,9 




50 


9, 


7, 


9,6 


3,2 


82,4 


Ting Tang, - 


63 


8, 


6, 


14,2 


4,4 


46,3 




66 


9, 


7,6 


11,6 


3,3 


44,9 


Cardrew Downs, 


66 


8,75 


7, 


10,4 


5,9 


58,4 


Huel Harmony, 


70 


9,25 


7, 


8,8 


6,2 


85,1 


Huel Montague, 


50 


9, 


7, 


11, 


2,6 


26, 


Dolcoath, 


76 


9, 


7,6 


11,8 


4,8 


41,6 


Great Work, - 


60 


9, 


7, 


10,2 


5,9 


39,9 


Huel Penrose, 


36 


8,5 


6,5 


13,1 


7,4 


29,1 


Huel Caroline, 


30 


7, 


6, 


29,3 


8,4 


32,1 




53,6 8,333 7, 


7,6 


6,6 


24, 
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^1 
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MUlioDii 
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oonmmpi 
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St. Ives Consols, 


36 


7, 


7, 


16, 


6,1 


27,9 


Lelant Consols, 


15 


7,5 


4,5 


17,2 


2,6 


10,5 


Binner Downs, 


70 


10, 


7,5 


10,9 


8, 


61, 




64 


9,883 7,76 


7,7 


9,6 


61,8 




42 


9, 


7,5 


13,8 


7, 


40,4 


ConsolidatedMines, 90 


10, 


7,5 


8,8 


5,5 


68,9 




70 


10, 


7,6 


10,4 


6,4 


62,3 




65 


9, 


7,5 


15,9 


3,4 


69,6 




90 


10, 


7,6 


8,7 


7,4 


69, 




90 


10, 


7,6 


10,8 


3,4 


38,7 




65 


9, 


7,6 


12.4 


4,9 


64,7 


United Mines, 


90 


9, 


8, 


7,9 


4,6 


43,9 




80 


9, 


7,5 . 


12,9 


8,3 


42,4 


Huel Beauchamp, 


86 


7,75 


6, 


13.6 


4,7 


36, 


Huel Rose, - 


60 


9, 


7, 


14, 


6,6 


60,1 


Tembroke, 


80 


9,75 


7,25 


11,3 


3,4 


48,8 




50 


9. 


7, 


10,4 


7,1 


49,4 


East Crinnis, - 


60 


5,5 


5,6 


8,6 


8,8 


20,7 




70 


10, 


7, 


9,4 


3,5 


33,8 


East Huel Unity, 


45 


8,76 


6,76 


13,1 


3,6 


38,4 


Huel Hope, 


60 


9, 


8, 


11,7 


5,6 


63,6 


Huel Tolgus, 


70 


10, 


7,5 


8,4 


5,5 


67,4 


Tresavean, 


60 


9, 


7, 


7,7 


4,6 


22,4 


Huel Falmouth, 


58 


8,75 


6,5 


4,1 


4,1 


24,2 


Hud Sperris, - 


70 


10,383 7,76 


6,7 


6,1 


39,5 


Huel Prosper, - 


53 


7, 


7, 


4^2 


6, 


26,6 


Huel Lasure, - 


86 


9,25 


6,75 


14,3 


7,9 


35,9 




70 


9,833 7,75 


6,1 


3,9 


38, 


Marazion Mines, 


60 


9, 


8, 


5,2 


8,2 


47,8 



Average duty 41,68 millions of lbs. weight lifted one foot 
high by the consumption of one bushel (84 lbs.) of, coal. 

Wattes rotatory double engines employed to moye machinery 
for bruising tin ores. 
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Length of 








crank. 






HuelVor, 24. 


6. 6. 12. 


16.1 


17.7 


27. 


6. 6. 12. 


17.6 


19.3 


16.5 


6. 5. 8.6 


26.6 


12.6 



Average duty of rotatory engines, 16.5 millions. 

* Watf 8 double engines. 

•f- Trevithick's high pressure combined with Watt's single 
—for March, Watt's single only. 
I For one month only. 

Erratum. — In the Report for July, August, and September 
1829, Huel Damsel Engine, 50 inches cylinder, for duty 
136.6 millions, read 36.6 millions. 



Art. lY.-^Notice of experiments with Laurel OH. By Dr 
Hancock. Communicated by the Author. 

1 BKLiEVE it is understood to be a fundamental principle in 
hydrostatics, that when two immiscible fluids are added together, 
the heavier of the two has a tendency to displace the other, ojc 
to occupy the bottom of the vessel. It appears indeed, a self- 
evident trulh, and scarcely necessary to be stated as an axiom, 
founded as it is upon the universal principle of gravitation. It 
may therefore appear paradoxical to assert the contrary of any 
two bodies, — and I have hesitated whether I could safely state 
the following fact, being apprehensive of some fallacy in my 
own senses or mode of considering the subject, and it is chiefly 
with a view of acquiring information, that I am now induced 
to ofier it to the attention of the scientific chemist. 

The fact I wish to notice is this : When we add together 
a portion of sulphuric ether and proof spirit in equal parts, 
and of laurel oil, the latter, although a fluid of greater speci- 
fic gravity, invariably occupies the upper part, or^floats upon 
the surface of the compound of ether and proof spirit. The re- 
sult is identical whether we pour in the oil or the compound 
first, and in whatever proportions they may be added, — and 
whether we shake the vial, or put them t<^pther in the,m.ost 



Dr Ifaneock^s Experiments xcith Laurel OU, 49 

gentle manner.* How is this to be accounted for? Is not^ 
the buoyancy of fluids an invariable criterion of their specific 
gravity ? 

Intending to try the effect of washed ether with^he native 
oil, I added to water some ether from a druggist^s shop in 
George Town.*^I found I could not wash this ether, for it 
mixed or combined with water in every proportion, I hence 
concluded it to be impure, or a compound of ether and diluted 
alcohol, -f: I then tried by the same test, a portion from an- 
other druggist^s, and I found I could wash this ether ; and 
that it only took up about a tenth of its bulk of water,-^of 
course it proved to be genuine. 

The next step was to mix the genuine ether with strong 
spirit. I added equal parts of these together ; they formed a 
clear transparent solution or mixture. The spirit was double 
distilled rum, />roo/* 23, J by the glass bubble, — the only hy- 
drometer I could obtain, and indeed the only one I know of 
conveniently adapted for proving the specific gravity of small 
portions of fluids. 

I found this mixture of ether and proof spirit to sink the 
bubble 17, then adding this to the native oil of proof ^1, the 
laurel oil was found to float upon the surface of the ethereal 
alcoholic mixture, although it was 4 degrees or 4 bubbles 
heavier, as indicated by the glass bead hydrometer; if this 
may be considered any test of the specific gravity of fluids. 

The steps by which we arrive at a certain result, may often re- 
veal others not less interesting than theobject directly sought for. 
In the course of this examination I have found, that the greater 
part of our ether is adulterated either here, or before it is sent 
out from Europe. Of four different samples I have recently 

* The pbeQomeiiu cannot therefore be the result of tenacity or cohe- 
•ion. 

f This it may be useful to notice as a test of f* enuine ether. 

X I afterward employed strong high wines and ether in equal parts^ and 
with the same result but slower. I also find it identical in the result^ 
whether we employ the native oil in its usual specific gravity, i. e, proof 18, 
or that which by long standing and exposure has acquired the gravity of 
81 or more,— *in the latter case, exceeding the ethereal alcoholic mixture oa 
iriiich.it swims, by 5 or 6 grades of the hydrometer. 

NEW SX&IES, VOL. III. KO. I. JULY 1830. A 
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tried) only one. has proved to be genuine ; two of these samples 
appeared to contain less than a fourth part of t*eal ether. 

With genuine ether the laurel oil dissolves or mixes in every 
proportion, biit not so if the ether is in the smallest degree 
adulterated. Subsequently I found a similar result with high 
vines and laurel oil, but slow, and less sensible, the aiBniti^s 
of the oil being much weaker for alcohol than for ether. Should 
there be a portion of water or spirit mixed with the ether, it 
becomes sensible in the turbid mixture ensuing on the addi* 
tion of the laurel oil. « 

. The composition which, after many trials, I find to produce 
the effect with the most striking celerity, is that with equal 
parts of ether and common spirit, proof 28. It will be good 
to add the ether in full equal proportion, or rather exceeding 
that of the spirit, to render the effect more certain and con- 
clusive. 

The compound with brandy, proof about 26, does very well, 
but not equal to that of proof 30. Wttk spirit proof 3S the 
ether does not mix at ali^ remaining separate in the same vo- 
lume as added. 

In these results, there can be no doubt, I think, that the 
seemingly strange phenomena proceed from the strong affinity 
and combination of the laurel oil with ether, by which it is 
attracted and separated from the water and alcohol. This was 
afterwards proved by adding together pure ether and pure 
laurel oil, when I found them intimately combine as already 
observed. 

I have also observed that the laurel oil evaporated to the 
consistence of Marana balsam will also float on the same com« 
pound,. and the Marana, or Balsam Copaivi even to rise slowly 
and float on it. On adding the Marana, and preparatory to its 
rising in the ethereal compound, we see an actfve chemical 
process take place. 

In an experiment with iodine and laurel oil, by throwing 
the former on the latter, a violent action or crepitus was in- 
stantly produced, bordering on combustion, or rather like sparks 
of fire or a fine coal thrown into water. At the instant of con- 
tact, much heat was evolved, and a bituminous odour, (as of 
hydrogen gas,) but no light ; the oil received a bright redco- 
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lour, but extremdy fugacious, and in a few minates the oo> 
lour entirely vanished. It is probable that hydrogen gas was 
disengaged on the decomposition of the fluid by the iodine. 

In another trial, when iodine was added in a larger propor- 
tion, the result was a black substance simiUr to petroleum or 
Barbadoes tar, in colour, taste, and smell. 

Many naturalists have suspected amber and the bituminous 
substances to be of vegetable origin. The striking analogy above 
noticed, brought this more forcibly to mind, and impressed me 
with the idea that such might be the case,— that bitumens might 
also be the result of vegetable exudations, variously modified 
by the agency of soda and divers minerals ? Or is it more ra- 
tional and natural to conclude, that, on the contrary, these sub- 
stances exist in the original structure of the earth, and that 
they are absorbed by the roots of vegetables, exuding under - 
various modifications, as varied as the vegetables which give 
them out ?* If such were the case, we might expect to find 
some traces of the bitumens in the soil where such resinoids or 
terebinthous vegetables abound, unless they have the property of 
elaborating these various resinoid matters from other elements. 

It would be interesting, and perhaps throw some light on 
the subject, if the soil where these kind of tre/es grow most 
abundantly, were carefully analyzed with this view and com- 
pared with that of other parts. 

The compound of iodine and laurel oil coloured spirits of 
wine of a light amber tint, but does not dissolve in it nor in 
water. 



Art. V. — Account of a cutioits phenomenon qf revotving mo- 
tionsy produced by the combination ofAlcohd with Laurel OH. 
By Dr Hancock. Communicated by the Author. 

To exhibit a singular spectacle which seems to bear some ana- 
logy with the motions of the planetary orbs, take a vial of the 

* The Cooridft tree^ (Avieennia nitida) is fbund thus to take up.^seasalt 
and deposit it oil the leaves ; — ^it is only on salt land^ however, where this oc- 
curs^ as the same tree placed at a distance from the sea gives no salt ; and 
this is the only vegetable on which I have found salt thus deposited. In 
a severe dry season, the salt is seen like hoar frost on the leaves. 
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laurel oil and drop into it^ at diB^rent intervals, some recti6ed spU 
rits of wine, when the most interesting results will be observed 
to ensue ; a circulation presently commencing, of globules of al- 
cohol up and down through the oil, which will last for many 
hours, or for days, (how long is unknown.) A revolving or cir- 
culaUng motion also appears in the oil, carrying the alcoholic 
globules through a series of mutual attractions and repulsions, 
—the round bodies moving freely through the fluid,. turning 
short in a small eccentric curve at each extremity of their . 
course, passing each other rapidily without touching ; but after 
a time, they seem to acquire a density approximating to that 
of the lower stratum, which appears to be an aqueous portion, 
separated by the ethereal oil from the alcohol ; and this assi- . 
milation taking place, the globules, after performing many 
revolutions, will fall flat upon the surface, and unite with the 
lower or watery stratum. 

The orbits of those small globules being confined by the 
glass are very eccentric. In the course of the experiment, I . 
observed particles of the fluid to separate in larger globular 
portions ; these commenced a similar revolution, and smaller 
ones quitted their course and revolved about the larger, whilst 
the latter still pursued their course after the manner of pri- , 
mary planets and their secondaries. This, however, can only . 
be well understood by seeing the experiment, which ia easily 
performed, and well worth the trouble ; as it appears to me, 
that, if attentively studied, it might furnish important deduc-. 
tions, and serve, we know not how far, towards an illustration 
of the celestial motions. 

In the present case, the revolving motion of these globules 
appeared to be, not as we are accustomed to regard the plane- 
tary motions, as the effect of a direct attractive and repulsive 
power, in combination with a projectile force, but as revolving 
in a circulating medium, attended by an emanation from tb^ 
globules themselves. 

This experiment was performed with a small vial. Perhaps 
a larger one would render the result more perspicuous. 
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Ajit. VI — Description of a simple^ cheapo ami accurate Rain- 
GagCy calctdated to show the depth of rain falling around it 
to the ten-thousandth part of an inch. By Matthew 
Adam, A. M., Hector of the Academy of ItiverBcss, and 
Associate of the Society of Arts for Scotland. Communi- 
cated by the Author. 

This instrument is composed of four parts, represented in 
Plate I» Fig. 1. viz. 1st, A painted square-mouthed tin-plate 
filler, AB / C Dwi, for collecting the rain water, having the 
length of each side, A B, A C, &c. of its mouth equal to ten 
inches, and consequently its superficial area equal to 100 
square inches. About half-an-inch of its mouth is turned 
perpendicularly up, to prevent any part of the rain which has 
entered it from being blown out again by wind ; and its 
throat D is nearly closed by a piece of tin-plate pierced with 
ten or twelvie holes, each about one-eighth of an inch in dia- 
meter, to permit the descent of the rain water, and to retard 
its rising again through the neck of the filler by evaporation. 
2cf, A large bottle E F G, which admits into its mouth E, 
a part of D m, the neck of the filler, and holds nearly one-half 
of an imperial gallon, so that it may contain all the rain which 
at any time may enter it, through the filler, in the course of 
twelve hours. 

3d, A cylindrical glass tube or measure E L, whose inside 
diameter may be |, f , or |, of an inch. Its lower extremity L, 
i8clo$ed ; its upper extremity KAr, isenlarged, or funnel-shaped, 
that the rain may be all easily poured into it from the bottle ; 
and on one side, it is accurately graduated from L to E, into 
portions having the capacity of cubic inches and tenths of a 
cubic inch. 

4^A, An inch plank, or post D I, of convenient length, firm- 
ly fixed vertically in a sheltered situation selected for it, with 
three appendages, viz. 1^^, A horizontal shelf H G, perpendi- 
cular to D I, and about 3^ feet above ground, for the purpose 
of supporting the bottle. 2J, A bent iron hoop cde, screwed 
or nailed to the post at c and ^, for the purpose of holding 
the bottle firmly in its place, when exposed to storm. And 
3d, Two strong iron wires /g, A i, driven or screwed into the 



64 Mr Adam's Description of a 

post at g and z, and bent into circular apertures at /and A, so 
as conveniently to hold the graduated glass measure EL, that 
it may be ready, when required, to ascertain the number of 
cubic inches, and tenths, atid hundredths, of a cubic inch of 
the water which has entered the bottle, and consequently also 
the depth of the rain then fallen in the adjacent country, in 
hundredth, thousandth, and ten-thousandth parts of an inch. 

Eafplanation.'^The superficial area of the mouth of the 
filler being 100 square inches, it is obvious that 100 cubic in- 
ches of rain water must enter through it into the bottle, when 
one inch deep of rain falls in the adjacent country, and that 
every cubic inch of this water, being the hundredth part dT 
the whole, must indicate the hundredth part of an inch deep 
of rain. Consequently every tenth and hundredth part of a 
cubic inch of the same water, measured in the graduated glaaa 
tube K L, must likewise indicate the thousandth and ten- 
thousandth part of an inch deep of rain. 

If the inside diameter of the cylindrical glass measure K L 
be only half-an-inch, the circular area of a section (^ it, viz. 
.19635, or a little less than ^ of a square inch, will be contain- 
ed 509, and nearly J times in 100 square inches, the area of 
the square mouth of the filler ; and, as the depth of measures 
of equal capacity are reciprocally as the areas of their bases, 
or corresponding sections, it is clear, that, to measure 100 
cubic inches of rain water, which may be contained in one 
inch deep of the square mouth of the filler, there would be re- 
quired a depth or length of 509 inches of the cylindrical 
glass measure, whose diameter is only half an inch. Consequent- 
ly the hundredth part of this length, or five inches and nearly 
^js of an inch of this measure, will be required to contain one 
cubic inch, or to measure the hundredth part of an inch deep 
of rain. Half-an-inch of it will be required to contain ^^ of 
a cubic inch, or to measure the thousaindth part of an inch 
deep of rain ; and consequently the tenth part of faal&an-inch 
or a length equal to j^^ of an inch of this measure, will be re- 
quired to contain the hundredth part of a cubic inch or to 
measure the ten-thousandth part of an inch deep of rain. And 
it is obvious that ti depth, or length, much smaller than the 
twentieth of an inch can easily be distinguished by the eye 
without the aid of a magnifier. 
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If a simiUr measure of $ or | of an inch in diameter be gra- 
duated in the ^me manner, the ultimate divisions of such* 
measure^ even when carried only to tenths of a cubic 'inch, 
are therefore suiBcient to enable a careful observer to deter- 
mine the depth of rain fallen around the gage, to the ten-thou- 
tstandth part of an inch. 

In regard toexpence.-— The tin-plate filler, the larg6 bottle, 
and the wooden post with its appendages, may all, it is beiiev- 
ed, be obtained for Ss. 6d. or little more than one shilling 
each ; and the glass measure, properly graduated, may be pur- 
chased at Knight's Chemical Instrument Warehouse, in Lon- 
don, for 2s. or 9s. 6d. The whole may therefore be procured 
for. about 6s.— «a price extremely moderate compared with that 
of the rain-gages usui^ly sold at four or five guineas each, and 
which show the depth of rain falling around them only to the 
hundredth part of an inch. 

If only a graduated measure, a tin-plate filler, and a com- 
mon lx>ttle, sunk four or five inches in the ground were used, 
the whole expence would probably not exceed Ss. 6d. or 48. 
But during great rains a small bottle would not contain all 
the rain entering it through the filler in the course of only five 
or six hours ; a circumstance which would render the use of 
a Bm9il bottle very inconvenient, particularly during the night. 

Mr Adam^s rain-gage, of the kind now described^ has been 
used since the 18th of September last, and appears to him to 
answer its purpose well. For though the mean inside diame- 
ter of the graduated measure is upwards of | or nearly .9 of an 
inch, and diminishes a little from top to bottom, so that the 
distance between the divimons, marking ^j^ of a cubic inch, 
varies from /^ to ^^ of an inch ; yet he can easily observe by 
it the depth of rain falling arpund the gage to the i^^^^ part 
of an inch. 

The depth of rain is therefore entered in the register in in- 
ches and four decimals of an inch ; the first two decimals being 
obtained from the cubic inches, and the last two from the 
tenths and decimals of the tenth of a cubic inch, marked on 
the graduated measure. Thus a quantity of raiti measuring 
s^ven^eu cubic inches, eight-tenths, and eight-hundredths of 
a cubic inch in the graduated measure, is marked in the regis- 
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ter .1788 of an inch deep of rain, and 4 quaBtity measuring 
only two-buhdredths of a cubic inch in the graduated mea- 
sure, is marked in the register .000^, or two ten-thousandth 
parts of an inch deep of rain. This last, it is true, is an ex- 
tremely minute quantity of rain. But there are many such 
minute entries in the register, varying from one to fifteen ten- 
thousanth parts of an inch. And it is remarkable, that most 
of them are noted as miniature showers, or depositions of dew, 
from the air inclosed in the bottle; because these miniature 
showers or depositions of dew were then observed to vary in 
quantity with the variations of sky and temperature, and to 
take place frequently at periods when the sky was clear, and 
always when so entered, at times when no rain fell from the 
external air. These entries, thus noticed, may therefore, it 
is apprehended, be considered as measurements of the varying 
quantities of dew deposited by the air contained in the bottle, 
under the varying temperatures and states of the weather 
then noted in the register. 

Explanatory Notes, 

1^^, 10 inches x 10 = 100 square inches, = the area of the 
square mouth of the filler of Mr Adam's rain-gage. 

J X 3.1416 X J X i = 7854 x i = 19635 of a square 
inch, = the area of a circular section of a tube whose diameter 
i^ J inch. 

Now 100 X 1 inch deep=: .19635 x Zinchesdeep. Therefore 
100 -J- .19635 = 609.2946, or 509.3 lineal inches nearly == I 
zz the length of a glass tube, (whose diameter = | inch,) requir- 
ed to contain 100 cubic inches, or to measure 1 inch deep of rain. 

y^ =z 5.09 inches = 6 j^inches nearly = length of tube con- 
taining 1 cubic inch, and measuring one-hundredth part of an 
inch deep of rain, = m. 

j^ = jjg = - inch = length containing ^^ of a cubic inch, 
and measuring i^^^^^j part of an inch deep of rain, =n. 
and iQ^l -r- 10 = 5^^ of an inch of the said tube, which con- 
tains ^^j^ part of a cubic inch of rain water, and measures 70999 
part of an inch deep of rain. 
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2d, Mean diameter of the circular mouth of the Academy Rain- 
Gage, made by Mr Adie of Edinburgh, = 6.8 inches. 

Mean diameter of the cylindrical brass tube below and sup- 
porting it, made by Mr Adie, = 2.075 inches. 

Mean diameter of the glass tube, parallel to do. (and to which 
the graduated brass scale is applied,) made by Mr Adie, = 
.546 inches. 

Therefore 6.8 x 3.1416 x J X 8.4 = 86.316896 square in- 
ches, = the area of the mouth of the rain-gage = a, 

«.075 X 8.1416 X i X 1.0875 = 3.8817878 square inches 
=2 the area of a circular section of the brass tube = 6, 

.564 X 3.1416 X J X .282 = .2498826 square inches, = the 
area of a circular section of the glass tube — c. 

Now o X 1 inch deep :=z{b + c) x I inches deep. 

Therefore a -^ (b + c) - 36.316896 ^ 3.6315704 = Z = 10 

inches, z= the length of the scale measuring one inch deep of 

rain, Jq = 1 inch, = the lenjgth of the scale measuring y^^ inch 
deep of rain, and ^qq = 15 inch, = the length of the scale 

measuring ^ J^ part of an iach deep of rain. The mean in- 
side diameter of the graduated cylindrical glass measure, at 
present in use for Mr Adam^s rain-gage, being nearly j% of 
an inch, the area of a circular section of it must be equal to 
.9 X 3.1416 X J X .45 5= .686174 of a square inch nearly =rd. 
Now (fr + c) X 1 inch deep, z= d x I inches deep. Where- 
. b -¥ c 3.6315704 - i, v 1 • 1 

lore —J- = ■;636174" = ^'" ^^°^^^ inches nearly = / = the 

length of the said graduated glass measure required to fill the 
tubes A, and c, one inch deep, = the length of four cubic in^ 
ches in the said graduated glass nearly. Consequently four 
cubic inches of water ought to fill the tubes A, and c, of Mr 
Adie's rain-gage, to the depth of one inch, which upon his 
scale indicates a depth of rain equal to ^j^ of an inch ; arid ^% 
of a cubic inch ought therefore to fill the tubes i, and c, to 
the depth of ^^5 of an inch, which on the same scale marks the 
hundredth part of an inch deep of rain. 

P. S. At the monthly meeting of the Northern Institution, 
held at Inverness, on Friday 29th January 1830, the foreu, 
going description and explanatory notes were read and ex- 
plained by Mr Adam. The academy rain-gage, made by 
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Alexander Adie, Esq. optician, Edinburgh, and that made 
by Mr Adam, were both exhibited, and the method of using 
them explained. But the construction and use of the aca^ 
demy rain-gage was ^rst explained, and by several experi- 
ments, shown to agree very exactly with the description of it 
contained in the second of the above explanatory notes, in or- 
der to enable the meeting afterwards more easily to understand 
and judge of the advantages alleged to be gained by Mr 
Adam^s altered construction of the instrument. 

By means of a tinplate measure containing exactly a cubic 
inch of water, the accuracy of the graduation of Mr Adam^s 
cylindrical glass measure, (made by Mr Knight of London,) 
into portions containing cubic inches, and dedmals of a cubic 
inch, were distinctly shown, and an easy practical method of 
correctly graduating a cylindrical glass measure of any dia^ 
meter was likewise described, and illustrated by experiments. 



Aet. Yll.^^Observations on the National Encouragement of 
Science^ and on its Encouragement by learned Societies^ 
rcith observations on tke general state of learned Societies 
in England. By Chables Babbaob, Esq. M. A. F. R. S. 
L. and £., Lucasian Professor of Mathematics, Cambridge.* 

The little encouragement which at all previous periods has 
been a£Porded by the English Government to the authors of 
useful discoveries, or of new and valuable inventions, is justi- 
fied on the following grounds : 

1. The public, who consume the new commodity or profit 
by the new invention, are much better judges of its merit than 
the government can be. 

2. The reward which arises from the sale of the commodity 
is usually much larger than that which government would be 
justified in bestowing ; and it is exactly proportioned to the 
consumption, that is, to the want which the public feel for the 
new article. 

It must be admitted that, as general principles, these are 
correct : there are, however, exceptions which flow necessarily 
from the very reasoning - from which they were deduced. 

* From his work •' on the Decline oflScience" 
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Witbottt entering minutely into these excepttona, it will be 
suficient to show that all abstract truth is entirely excluded 
tfom reward under this system. It is only the application 
of principles to common life which can be thus rewarded. A 
few inMances may perhaps render this poution more evident. 
The principle of the hydrostatic paradox was known as a 
q^ieculative truth in the time of Stevinus;* and its application 
to raising heavy weights has long been stated in elementary 
. treatises on natural philosophy, as well as constantly exhibited 
in lectures. Yet, it may fairly be regarded as a mere abstract 
principle, until the late Mr Bramah, by substituting a pump 
instead of the smaller column, converted it into a most valu- 
able and powerful en j^ne.--»The principle of the convertibility 
of the centres of oscillation and suspension in the pendulum, 
discovered by Huygens more than a century and a half ago, 
remained, until within^ these few years, a sterile, though most 
elegant proposition ; when, after being hinted at by Prony, 
and distinctly pointed out by Bonenberger, it was employed 
by Captain Kater as the foundation of a most convenient prac- 
tical method of determining the length of the pendulum.—- 
The interval which separated the discovery, by Dr Black, of 
latait heat, from the beautiful and successful application of it 
to the steam enginej was comparatively short ; but it required 
the efforts of two minpls ; and both were of the highest order. 
-^The influence of electricity in producing decompositions^ 
although of inestimable value as an instrument of discovery 
in chemical inquiries, can hardly be said to have been applied 
to the practical purposes of life, until the same powerful ge- 
nius which detected the principle, applied it, by a singular fe^ 
licity of reasoning, to arrest the corrosion of the copper-sheath- 
ing of vessels. That admirably connected chain of reasonings 
the truth of which is confirmed by its very frilure as a remedy, 
will probably at some future day supply, by its successful ap- 
plication, a new proof of the position we are endeavouring to 
establish. 

Other instances might, if necessary, be adduced, to show 
that long intervals frequently elapse between the discovery of 

* About the year 1600. 
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new principles in science and their practical a][>plicatfen : nor 
ought this at all to surprise us. Those intellectual qualifica- 
tions, which give birth to new principles or to new methods, are 
of quite a diflferent order from those which are necessary for 
their practical application. 

At the time of the discovery of the beautiful theorem of 
Huygens, it required in its author not merely a complete 
knowledge of the mathematical science of his age, but a ge- 
liius to enlarge his boundaries by new creations of hie own. 
Such talents are not always united with a quick perception of 
the details, and of the practical applications of the principles 
they have developed, nor is it for the interest of mankind that 
minds of this high order should lavish their powers on subjects 
unsuited to their grasp. 

• In mathematical science, more than in all others, it happens 
that truths which are at one period the most abstract, and ap^ 
parenlly the most remote from all useful application, become 
in the next age the bases of profound physical inquiries, and 
in the succeeding one, perhaps, by proper simplification and 
reduction to tables, furnish their ready and daily aid to the 
artist and the sailor. 

It may also happen that at the time of the discovery of such 
principles, the mechanical arts may be too imperfect to render 
their application likely to be attended with success. Such was 
the case with the principle of the hydrostatic paradox ; and it 
was not, I believe, until the expiration of Mr Bramah^s patent, 
that the press which bears his name received that mechanical 
perfection in its execution, which has deservedly brought it 
into such general use. 

On the other hand, for one person who is blessed with the 
power of invention, many will always be found who have the 
capacity of applying principles ; and much of the merit ascribed 
to these applications will always depend on the care and labour 
bestowed in the practical detail. 

If, therefore, it is important to the country that abstract 
principles should be applied to practical Use, it is clear that it 
is also important that encouragement should be held out to the 
few who are capable of adding to the number of those truths 
on which such applications are founded. Unless there exist 
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peculiar iastitutidngfor the support of such inquirera, or unless 
the Govenmient dyrectly interfere, tbe conttiver of a thauma- 
trope may derive profit from his ingenuity, whilst he who un- 
ravels the. laws. of light and vision, on which multitudes of 
phenomena depend, shall descend unrewarded to the tomb* 

Perhaps it mfiy be urged, that sufficient encouragement is - 
already afforded to abstract science in our different universi-* 
ties, by the professorships estaUisbedat tbem< It is not, how« 
ever, in the power of such institutions to create ; tbey may 
foster imd aid the developement of genius: and, when rightly 
ai^lied^ such stations ought to be its fair and honourable re- 
wards. In. many instances their emolument is small; and . 
when otherwise, the lectures which are required from the pro- 
fessor are not perhaps in all cases the best mode of employing 
the energies of those who are capable of inventing. 

I cannot resist the opportunity of supporting these opinions 
by the authority of one of the greatest philosophers of a past 
age, and of expressing my acknowledgments to the author of 
a most inte'resttng piece of scientific biography. In the cor- , 
respondence which terminated in the. return of Galileo to a . 
professorship in his native country, he remarks, ^' But, because > 
my private lectures and <lomestic pupils are a great hinderance 
and interruption of my studies, I wish to live entirely exempt 
from the former, and in great measure from the latter.^ — lAfe . 
ofGcMeo, p. 18. And, in another letter to Kepler, he speaks , 
with gratitude of Cosmo, the Grand Duke of Tuscany, who 
** has now invited me to attach myself to him with the annual : 
salary of 1000 fbrins, and with the title of Philosopher and 
principal Mathematician to his Highness, without the duties 
of any ofiice to perform, but with most complete leisure ; so 
that I can complete my treatise on Mechanics, &c.'" — ^P. 31. * 

Surely, if knowledge is valuable, it can never be good policy . 
in a country far wealthier than Tuscany, to allow a genius like. 
Mr Dalton's, to be employed in the drudgery of elementary . 
instruction. Where would have been the military renown 
of England, if with an equally improvident waste of mental 

• Life of Galileo, published by the Society for the Diffusion of Useful 
Knowledge. 
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p<ywer, its institutions had forced the Duke of WelHagton to 
employ his life in drilling recruits, instead of plaoaing cam* 
paignsP 

If we look at the fact, we shall find that the great inTMitioDa 
of the age are not, with us at least, always produced in aai- * 
versities. The doctrines of <^ definite proportions,^ and of the 
<^ chemical agency of electricity,^ — principles of a high order, 
which have immortalised the names of their discoverers,-^were 
not produced by the meditations of the cloister: n<Hr is it in 
the least a reproach to those valuable institutions to mention 
truths like these. Fortunate circumstances must concur, even 
to the greatest, to render them eminently succeasful. It is not 
permitted to all to be bom, like Archimedes, when a science 
was to be created ; nor like Newton, to find the system of the 
world ** without form and void ;^ and, by disclosing grmnta-^ 
Honj to shed throughout that system the same irreustible nu 
diance as that with which the Almighty Creator had illumined 
its material substance. It can happen to but few philosophers, 
and but at distant intervals, to snatch a science, like Dalton, 
from the chaos of indefinite combination, and binding it in the 
chains of number, to exalt it to rank amongst the exact. Tri- 
iraophs like these are necessarily ^*few and far between ;'^ nor 
can it be expected that that portion of encouragement, which 
a country may think fit to bestow on science, should be adapt- 
ed to meet such instances. Too extraordinary to be frequent, 
they must be left, if they are to be encouraged at all, to some 
direct interference of the government. 

The dangers to be apprehended from such a specific inter- 
ference, would arise from one, or several, of the following cir- 
cumstances :— That class of society, from whom the govern- 
ment is selected, might not possess sufficient knowledge either 
to judge themselves, or know upon whose judgment to rely. 
Or the number of persons devoting themselves to scienoe, 
might not be sufficiently large to have due weight in the ex- 
pression of public opinion. Or, supposing this class to be 
large, it might not enjoy, in the estimation of the wcarld, a 
sufficiently high character for independence. Should these 
causes concur in any country, it might become highly injuri- 
ous to commit the encouragement of science to any depart- 
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meni of the governmeot. This reasoning does not appear to 
hare escaped the penetration of those who advised the aboli- 
tion of the late Board of Longitude. 

The question whether it is good policy in the government 
of a country to encourage science, is one of which those who 
cultivate it are not perhaps the most unbiassed judges. In 
England, those who have hitherto pursued science^ have 
in general no very reasonable grounds of complaint; they 
knew, or should have known, that there was no demand for it, 
that it led to little honour, and to less profit. 

That blame has been attributed to the government for not 
fostering the science of the country is certain ; and^ as far as 
regards past administrations, is^ to a great extent, just; with 
respect to the present ministers, whose strength essentially de- 
pends on public opinion, it is not necessary that they should 
precede, and they cannot remain long insensible to any ex- 
pression of the general feeling. But supposing science were 
thought of some importance by any administration, it would 
be difficult in the present state of things to do much in its fa- 
vour ; because, on the one hand, the higher classes in geoe^ 
neral have not a profound knowledge of science, and, on the 
other, those persons whom they have usually consulted, seem 
not to have given such advice as to deserve the confidence of 
govemm^it. It seems to be forgotten, that the money allot- 
ted by govemmoit to purposes of science ought to be expend- 
ed with the same regard to prudence and economy as in the 
disposal of money in the afiairs of private life. 

To those who measure the question of the national en- 
couragement of science by its value in pounds, shillings, and 
pence, I will here state a fact, which, although pretty gene- 
rally known, still, I think, deserves attention. A short time 
since it was discovered by government that the terms on which 
annuities had been granted by them were erroneous, and new 
tables were introduced by act of Parliament. It was stated 
at the time that the erroneous tables had caused a loss to the 
country of between two and three millions sterling. The faict 
of the* sale of those annuities being a losing concern was long 
known to many ; and die goviamment appear to have been the 
last to have been informed on the subject. Half the interesf 
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of half that loss, jjudiQiously. applied to the eDcouragemeat of 
mathematical science, would, in a few years, have rendexed 
utterly impossible such expensive errors. . 

To those who bow to the authority of great names, one re- 
mark n^ay have its weight.. The Mecmique Cek^ie^* and 
the Theorie Jnalytique des Probabilitii, were both dedicated, 
by Laplace, to Napoleon. During the reign of that extraor* 
dinary man, the triumphs of France were as eminent in science 
as. they were splendid in arms. May the institutions which 
trained and rewarded her philosophers be permanent as the 
benefits they have conferred upon mankind ! 

In other countries it has been found, and is admitted, that 
a knowledge of science is a recommendation to public ap* 
pointmeiits, and that a man does not make a worse ambassa- 
dor because he. has directed an observatory, or has added by 
his discoveries to the extej^t of our. knowledge of animated q«« 
ture. Instances even are not wanting of ministers who have 
begun their career in the inquiries of pure analysis. As such 
examples are perhaps more frequ^t than i& gaierally imagin- 
ed, it may be useful to mention a few of those men of sn^ientse 
who have formerly held, or who now hold, high ofllcial sta^ 
tions io the governments of their respective countries. 



CouDtry. 



France . . 
France . . 



Prussia . 



Name. 



M. Carnot .... 
Count Chaptal J . 



France . . Baron Cuvier § . 



Baron Humboldt 



Department of 
Science. 



France . Marquis Laplace t * • Mathematics 



Mathematics . 
Chemistry . . 

Comparative 
Anatomy, 
Natural His- 
tory 

Oriental Lan- 
guages 



PflUie Oflice. > 

President of the 
Conservative ' 
Senate. > 

Minister of War 

Minister of the 
l4»terior. 

Minister of Pub- 
lie Instruction. 



Ambassador to 
England. 



* The first volume of the first translation of this celebrated work into 
our own language, has just arrived in England from — — — America. 

t Author of the Mecanique Celeste. 

X Author of Traiti de Chimie Applique aux Arts. 

§ Author of Lemons d^Anatomie Com^rev-^RSchtrfihes swr les Otsemens 
FossUes, Sfc. S^c, 



Country. 






FroflBb • . Baton Aksuider The cdebrated Chamberktn to 

Humboldt Traveller the King of 

Prussia. 

IfeodetaA . . Mtttqiris RingOBi* Mathematict . . Ifinister of Fi- 
nance and of 
Public In- 
straetiiMii 
President of . 
tbe Italian 
Aobdeniy of 
Fcaty. 

Tuscany . Count Fonombronit Mathematics . . Prime Minister 

of ^t 0#and 
D«ke of Tus- 
cany. 

Sastony . . M. Lindenau]: . . . Astronomy . . . Ambassadot. 

M. Ltndramu* the Minister from the King of Saxony tb 
tbe Enig of tb« Netherlands^ eommenced his career as astro^ 
noliier at the obserTaAorj of the Grand Duke of Gotha, by 
whom he was soit as his repres^itative at the German IXet. 
On the death of the late reigning Duke^ M. Lindenau Was 
invited to Dresden, and fiUed the same situation under the 
Euig of SaxoDj ; after which be was appointed his ministei^ 
at the oonrt of tbe King of the Netberhuids. Such occurs 
rettces are not to be paralleled in our own country, at least not 
in Inodeni times. Newtcm was^ it is true, more thmi adentury 
since, appointed Master of the Mint ; but let any {)ferson su^^ 
gest an appointment of a similar kind in the present day, ^d 
be will gather frotti the smiles oi those to whom he propoises 
it that the highest knowledge conduces nothing to success, and 
that political power is almost the only recommendation. 

Of Encouragement from Learned Societies. 
There are several circumstances which concur in inducing 
penions pursuing science^ to unite together, to form societies 

* Author of Memoria iulk Funzioni Generdiricif Modena^ 1884^ and 
of vatious othef memoirs on mathematical sulgects. . . . 

t Author of Several memoirs on mechanics and hydraulics^ in the Tram^ 
actions of the Academy of Forty. 

t Author of Tables Bar ometriqueSfGoihaii IS09-^ Tabula Veneris^novat 
ei corr«olar, Gothte, 18X0 — Investigaiio Nova OrbiUe a Mercurig cirpa S^lem 
descripicBf Gotbe^ 1813^ afid of other works. 

MEW SEBIES, VOL. III. NO. I. JULY 1830. £ 
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or academies. In former times, when philosophical instruments 
were more rare, and the art of making experiments was less 
perfectly known, it was almost necessary. More recently, 
whilst numerous additions are constantly making to science, 
it has been found that those who are most capable of extend- 
ing human knowledge, are fnequently least able to encounter 
the expence of printing their investigations. It is therefore 
convenient, that some means should be devised for relieving 
them from this difficulty, and the volumes of the Transactions 
of academies have accomplished the desired end. 

There is, however, another purpose to which academies con- 
tribute. When they consist of a limited number of persons, 
eminent for their knowledge, it becomes an object of ambition 
to be admitted on their list. Thus a stimulus is applied to all 
those who cultivate science, which urges on their exertions, in 
order to acquire the wished«for distinction. It is clear that 
this envied position will be valued in proportion to the diffi- 
culty of its attainment, and also to the celebrity of those who 
enjoy it ; and whenever the standard of scientific knowledge 
which qualifies for its ranks is lowered, the value of the dis- 
tinction itself will be diminished. If, at any time, a multitude 
of persons having no sort of knowledge of science are admitted, 
it must cease to be sought after as an object of ambition by 
men of science, and the class of persons to whom it will be- 
come an object of desire will be less intellectual. 

Let us now compare the numbers composing some of the 
various academies of Eutope.-— The Royal Society of London, 
the Institute of France, the Italian Academy of Forty, and 
the Royal Academy of Berlin, are amongst the most dis- 
tinguished. 



Name. 
Country. 


Population. 


Number of 

Members of its 

Academy. 


Number 

of 

Foreign Members. 


1. England . . 

2. France . . . 

3. Prussia . . . 

4. Italy 


22,299,000 

32,060,000 

12,415,000 
12,000,000 


685 

75 

38 
40 


50 
r 8 Mem. 
1 100 Corr. 

16 
8 



It appears then, that in France, one person out of 427,000 
is a member of the Institute. That in Italy and Prussia, about 
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one out of 800,000 persons is a member of their academies. 
That in England, every 82,000 inhabitants produces a Fellow 
of the Royal Society. Looking merely at these proportions, 
the estimation of a seat in the Academy of Berlin, must be 
more than nide times as valuable as a similar situation in £ng* 
land ; and a member of the Institute of France will be mora 
than thirteen times more rare in his country than a Fellow of 
the Royal Society is in England. 

Favourable as this view is to the dignity of such situations 
in other countries, their comparative rarity is by no means the 
most striking difference in the circumstances of men of science. 
If we look at the station in society occupied by the savans of 
other countries, in several of them we shall find it high, and 
their situations profitable. Perhaps, at the present moment, 
Prussia is, of all the countries in Europe, that which bestows the 
greatest attention and most unwearied encouragement on science. 
Great as are the merits of many of its philosophers^ much of 
this support arises from the character of the reigning family, 
by whose enlightened policy even the most abstract sciences 
are fostered. 

The maxim that " knowledge is power,** can be perfectly 
comprehended by those only who are themselves well versed in 
science ; and to the circumstance of the younger branches of 
the royal family of Prussia having acquired considerable know- 
ledge in such subjects, we may attribute the great force with 
which that maxim is appreciated. 

In France, the situation of its savans is highly respectable,' 
as well as profitable. If we analyze the list of the Institute, 
we shall find few who do not possess titles or decorations ; but 
as the value of such marks of royal favour must depend, in a 
great measure, on their frequency, I shall mention several 
particulars which are probably not familiar to the English 
reader. * 

* This analysis was made by cotnparing the list of the Institute, printed 
for that body in 1837, with the Ahmanach Royale fbr 18S3. 
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Number of the Members of the 


'Total Number of taeh 


Institute of France who belong to the 


class of the 


L^on of Honour. 


Legion of Honour. 


Grand Croix - 3 


80 


Grand OiBcer - 3 


160 


Comniandeur - 4 


* 400 


Officer . . 17 


2,000 


Chevalier . - 40 


Not limited. 


Number of Members of the Institute 


Total Number 


decorated with 


of 


the Order of St. Michel. 


that Order. 


Grand Croix - 2 \ 
Chevalier - - 27 j 


100 


Amongst the members of the Institute there are, — 


Dukes 


s 


Marquis 


- 1 


Counu 


4 


Viscounts 


2 


Barons 


. 14 



23 

Of these there are Peers of France 5 

We might, on turning over the list of the 685 members of 
the Rojal Sooiety, find a greater number of peers than there 
are in the Institute of France; but a fairer mode of instituting 
the comparison, is to inquire how many titled members there 
are amongst those who have contributed to its Transactions. 
In 1827, there were one hundred and nine members who had 
contributed to the Transactions of the Royal Society ; amongst 
these were found :— 

Peer . . - . 1 
Baronets . • - 5 
Knights ... 5 

It should be observed, that five of these titles were the re- 
wards of members of the medical profession, and one only, that 
of Sir H. Davy, could be attributed exclusively to science. 
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It mutt not be inferred that the titles of nobility in the 
French list, were all of them the rewards of scientific eminence; 
many are known to hfive been such ; but it would be quite suffi- 
cient for the argument to mention the names of Lagrange^ La* 
place, Berthollet, and Chaptal. 

The estimation in which the public hold literary claims in 
France and England, was curiously illustrated by an incidental 
expression in the translation of the debates in the House of 
Lords, on the occasion of His Majesty^s speech at the com- 
mencement of the session of 1830. The Gazette de France 
stated, that the address was moved by the Due de Buccleugh^ 
^* chef de la maison de Walter Scott.'^ Had an EogUsh editor 
wished to particularize that nobleman, he would undoubtedly 
have employed the term wealthy y or some other of the epithets 
characteristic of that quality most esteemed amongst his 
countrymen. 

If we turn, on the other hand, to the emoluments of science 
in France, we shall find them far exceed those in our own 
country. I regret much that I have mislaid a most interesting 
memorandum on this subject, which I made several years 
sdnce : but I believe my memory on the point will not be found 
widely incorrect. A foreign gentleman, himself possessing no 
inconsiderable acquaintance with science, called on me a few 
years since, to present a letter of introduction. He had been 
but a short time in London ; and, in the course of our o^nv^** 
sation, it appeared to me that he had imbibed Tery inaccurate 
ideas respecting our encouragement of sdence. 

Thinking this a good opportunity of instituting a fair Com* 
parison between the ^npluments of science in the two ctountriasi 
I placed a sheet of paper before him, and requested bim t9 
write down the names of six Englishmen, in his opinion, bast 
known in France for their scientific reputation. Taking an- 
other sheet of paper, I wrote upon it the names of six French- 
men, best known in England for their scientific discoveries. 
We exchanged these lists, and I then requested him to place 
against each name (as far as he knew) the annual income of 
the diflerent appointments held by that person. In the mean- 
time, I performed the same operation on his list, against some 
names of which I was oUiged to place a zero. The result of 
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the comparison was an average of nearly L. ISOO per annum for 
the six French savans whom I had named^ Of the average' 
amount of the sums received by the English, I only remember 
that it was very much smaller. When we consider what a 
command over the necessaries and luxuries of life L. 1200 will 
give in France, it is underrating it to say it is equal to L. 2000 
in this country. 

Let us now look at the prospects of a young man at his en- 
trance into life, who, impelled by an almost irresistible desire 
to devote himself to the abstruser sciences, or who, confident 
in the energy of youthful power, feels that the career of science 
is that in which his mental faculties are most fitted to achieve 
the reputation for which he pants. What are his prospects ? 
Can even the glowing pencil of enthusiasm add colour to the 
blank before him ? There are no situations in the state; there 
is no position in society to which hope can point, to cheer him 
in his laborious path. If, indeed, he belong to one of our uni- 
versities, there are some few chairs in his own Alma Mater to 
which he may at some distant day pretend ; but these are not 
numerous ; and whilst the salaries attached are seldom sufiicient 
for thesole supportof the individual, they are very rarelyenough 
for that of a family. What then can he reply to the entreaties 
of his friends, to betake himself to some business in which per- 
haps diey have power to assist him, or to choose some profes- 
sion in which his talents may produce for him their fair reward? 
If he have no fortune, the choice is taken away : he must give 
up that line of life in which his habits of thought and his am- 
bition qualify him to succeed eminently, and he must choose the 
bar or some other profession, in which, amongst so many com* 
petitors, in spite of his great talents, he can be but moderately 
successful. The loss to him is great, but to the country it is 
greater. We thus, by a destructive misapplication of talent 
which our institutions create, exchange a profound philosopher 
for but a tolerable lawyer. 

If on the other hand, he possess some moderate fortune of 
his own ; and, intent on the glory of an immortal name, yet 
not blindly ignorant of the state of science in this country, he 
resolves to make for that aspiration a sacrifice the greater, be- 
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cause he is fully aware of ite extent ; — iff so circumstanced, 
he give up a business or a profession on which he might have 
entered with advantage, with the hope that, when he shall 
have won a station high in the ranks of European science, he 
may a little augment his resources by some of those few em- 
ployments to which science leads ; — if he hope to obtain some 
situation, (at the Board of Longitude,* for example^ where 
he may be permitted to exercise the talents of a philosopher 
for the paltry remuneration of a clerk, he will find that other 
qualifications than knowledge and a love of science are neces- 
sary for its attainment He will also find that the high and 
independent spirit, which usually dwells in the breast of those 
who are deeply versed in these pursuits, is ill adapted for such 
appointments ; and that even if successful, he must hear many 
things he disapproves, and raise no voice againet them. 

Thus, then, it appears that scarcely any man can be expect^ 
ed to pursue abstract science unless he possess a private for« 
tune, and unless he can resolve to give up all intention of im* 
proving it. Yet, how few thus situated are likely to under- 
go the labour of the acquisition ; and if they do from some ir- 
resistible impulse, what inducement is there for them to devi- 
ate one step from those inquiries in which they find the great- 
est delight, into those which might be more immediately useful 
to the public ? 

General stale ofleaa-ned societies in England. 
The progress of knowledge convinced the world that the 
system of the division of labour and of co-operation was as ap- 
plicable to science, as it had been found available for the im- 
provement of manufactures. The want of competition in 
science produced effects similiar to those which the same cause 
gives birth to in the arts. The cultivators of botany were the 
first to feel that the range of knowledge embraced by the. 
Royal Society was too comprehensive to admit of sufiicient at- 
tention to their favourite subject, and they established the 
Linnean Society. After many years, a new science arose, 
and the Geological Society was produced. At an another and 
more recent epoch, the friends of astronomy, urged by the 

* This body is now dissolved. 



VABlsof their seicoce, anitsd to estobtish the AstronorauMd 
Soeietj^ Each of di€se bodies found, that the attention de- 
voted to cheir seience by the parent establisfament was in- 
suflScient for their wants, and each in succession experienced 
horn the Royal Society the most determined 4^osition» 

Insdluted by the meet enhghtened philosophers, solely for 
the promotion of the natural sciences, that learned lnody justly 
ecmceived that nothing could be more likely to render these 
young institutions permanently successful, than discour^igement 
and opposition at their commencement. Finding their Stsfi 
attempts so eminently successful, they redoubled the severity 
of their persecution, and the result was commensurate with 
theif exertions, and surpassed even their wildest anticipations- 
The AstrcMiomical Society became in six years known and re* 
spected throughout Europe, not from the halo of reputudon 
which the glory of its vigorous youth had thrown around the 
weakness of its declining years ; but from the sterling merit 
of ^> its unpretending deeds, from the sympathy it clMined and 
received from every practical astronomer, whose labours it re* 
lieved^ and whose calculations it lightened/^ 

But the system which worked so well is now changed, and 
the Zoological and Medico-Botanical SodeUes were established 
without opposition : perhaps, indeed, the total failure of the 
latter society is the best proof of the wisdom which guided the 
councils of the Royal. At present, the various societies exist 
with no feelings of rivalry or hostility, each pursuing its se- 
parate objects, and all uniting in deploring with filial regret, 
thje- second childhood of their common parent, and the evil 
councils by which that sad event has been anticipated. 

It is* the custom to attach certain letters to the names <»f 
those who belong to diligent societies, and these marks of 
own^isbip are by many considered the only valuable part of 
liieir purehftse on entry. The following is a list of some of 
these socie<»es* The second column ^ves the ready<-moaey 
prices of the taikpieoes indicated in the third. 
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SOCIETIES. 


Composition 
for anQual 
Pftyments. 
L. 8. d. 


Appended liCtter*. 


Rojal Society - - . 


50 


F.R.S. 


Royal Soeiety of Edinburgh 


26 4 0* 


P.R.S.E. 


Royal Academy of Dublin 


96 8 


M.R.I.A. 


Beyal Sootet^ e£ Lveemture 


96 15 


F.R.S.Lit. 


Antiquarian - • - 


50 8 


F.A.S. 


Lrinnean .... 


86 


F.L.S. 


Oeologieal 


84 13 


F. G. S. 


A«trononiicaI • - - 


95 4 


M.A. S. 


Zoological 


e6 5 


F.Z.S. 


Royal Institution 


60 


M.R.I. 


Royai Asiatic 


SI 10 


F.R.A.S. 


Honieultural 


48 6 


F. H. 8. 


IMMico-Botanical 


21 


F.M.B.S. 



Thus, those who are amlntiousof scientific distinction may* 
^^ording %o %hw fancy, render their name a kind of cpaiet* 
carrying with it a tail of upwards of forty letters, at the aver- 
age cost of L, 10, 9s, 9id. per letter. 

Perhap the reader will remark, that science cannot be d^«- 
^liningin a country which supports so many institutions for it^ 
ciiUivation, It is indeed creditable to us, that the greater part 
of these societies are maintaiiied by the voluntary contribution* 
of their members. But, unless the inquiries which have re^ 
eently t^ken place in 9ome of them should rectify the ^tfim 
qfrnfimog^ment by which several have been oppressed, it is not 
diflSeuU ^ predict ^at tWr duration will be i^ort. Full 
jh^Un^^, prmkd $taHmmi8 of ocaof^A^, and occarional discus- 
^ens and inquiries at general mt^ngs^ are the only safe» 
gaiMPds ; and a due degree of tngUtime should be exercised on 
those who diseourtige these jninciples, Of the Royal Society, 
I ^hall speak in a succeeding page ; and I r^ret to add, 
thftt I might have said more. My ^eet is ^ amend it ; but, 

* The Royal Society of Edinburgh now requires^ for .compoMtion fn lieu 
of annual ooatribations, a sum dependent en the value of the \Lh of the 
member. 
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like all deeply-rooted complaints, the operation which alone 
can contribute to its cure, is necessarily painful. Had the 
words of remonstrance or reproof found utterance through other^ 
channels, I had gladly been silent, content to support by my 
vote the reasonings of the friends of science and of the Society. 
But this has not been the case, and after fi'ustrated efforts to 
introduce improvements, I shall now endeavour, by the force 
of plain, but perhaps painful truths, to direct public opinion 
in calling for such a reform, as shall rescue the Royal Society 
from contempt in our own country, from ridicule in others. 

On the next five societies in the list, I shall offer no remarks. 
Of the Geological, I shall say a few words. It possesses all 
the freshness, the vigour, and the ardour of youth in the pur- 
suit of a youthful science, and has succeeded in a most diffi. 
cult experiment, that of having an oral discussion on the sub- 
ject of each paper read at its meetings. To say of these dis- 
cussions, that they, are very entertaining, is the least part of 
the praise which is due to them. . They are generally very in- 
structive, and sometimes bring together isolated facts in the 
science which, though insignificant when separate, mutually il- 
lustrate each other, and ultimately lead to important conclusions. 
Thie continuance of these discussions evidently depends on the 
taste, the temper, and the good sense of the speakers. The 
things to be avoided are chiefly verbal criticisms — ^praise of 
each other beyond its reasonable limits, and contest for victory. 
This latter is, perhaps, the most important of the three, both 
for the interests of the sodety and of truth. With regard to 
the published volumes of their Transactions, it may be remark- 
ed, that if members were in the habit of communicating their 
papers to the Society in a more finished state, it would be at- 
tended with several advantages ; amongst others, with that of 
lightening the heavy duties of the officers, which are perhaps 
more laborious in this Society than in most others. To court 
publicity in their accounts and proceedings, and to endeavour 
to represent all the feelings of the Society in the Council, and 
to avoid permanent Presidents, is a recommendation not pe- 
culiarly addressed to this Society, but would contribute to the 
well-being of all. 

Of the Astronomical Society, which, from .the nature of its 

4 
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pursuits, could scarcely admit of the discussions mmiUir to 
those of the Geological, I shall merely observe, that I know 
. of no secret which has caused its great success, unless it be at- 
tention to the maxims which have just been stated. 

On the Zoological Society, which affords much rational 
amusement to the public, a few hints may at present suiBce* 
The largeness of its income is a frightful consideration. It is 
too tempting as the subject for jobs, and it is too fluctuating 
and uncertain in its amount, not to render embarrassment in 
the affiiirs of the Society a circumstance likely to occur, with* 
out the greatest circumspection. It is most probable, from 
the very recent formation of this Institution, that its Officers 
and Council are at present all that its best friends could wish ; 
but it is still right to mention, that in such a Sodety, it is es* 
sentially necessary to have men of business on the Council, as 
well as persons possessing extensive knowledge of its pursuits. 
It is more dangerous in such a Society than in any other^ to 
pay compliments, by placing gentlemen on the Council who 
have not the qualifications which are requisite; a frequent 
change in the members of the Council is desirable, in order to 
find out who are the most r^ular attendants, and most quali* 
fied to conduct its business. Publicity in its accounts and pro^ 
ceedings is, from the magnitude of its funds, more essential to 
the Zoological than to any other society ; and it is rather a fear^ 
ful omen, that a check was attempted to be given to such in- 
quiries at the last anniversary meeting. If it is to be a scien- 
tific body, the friends of science should not for an instant tole- 
rate such attempts. 

It frequently happens, that gentlemen take an active part 
in more than one scientific society : in that case, it may be 
useful to derive instruction as to their merits, by observing the 
success of their measures in other societies. 

The Asiatic Society has, amongst other benefits, caused 
many valuable works to be translated, which could not have 
otherwise been published. 

The Horticultural Society has been ridden almost to death, 
and is now rousing itself ; 'but its constitution seems to have 
been somewhat impaired. There are hopes of its purgation, 
and ultimate restoration, notwithstanding a debt of L. 19,000, 
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wbieh the Committee of Inquiry have ascertained t6 ex}*C^ 
This, after all, will not be without its advantage to science, if 
it puts a stop to hauseJistSf iiamed hf one or two persons^^^o 
making complimentmy eounci)lors,«-^nd to auditing the ac- 
counts wUhout eofamining every iiem^ or to omitting even that 
form altogether. 

The Medico- Botanical Society suddenly claimed the atten- 
tk>h of the public ; its pretensions were great — ^its assurance 
unbounded. It speedily became distinguished, not by its pub- 
lications or discoveries, but by the number of pHnces it enroll- 
ed in its list. It is needless now to expose the extent of its 
short-lived quackery; but the evil deeds of that institution 
will long remain in the impression, they have contributed to 
confirm throughout Europe, of the character of our scientific 
establishments. It would be at once a judicious and a digni- 
£ed course, if thqse lovers of science who have been so griev- 
ouidy deceived in this Society, were to enrol upon the latest 
page of its history its highest claim to public apfn*obation, and 
by signing its dissolution, offer the only atonement in their 
power to the insulted science of their country. As with a sin- 
gular inversion of principle, the society contrived to render ^i^ 
pulncn * the highest honotsr it could confer ; so it remains for 
it to exemplify, in sukidef the sublimest virtue of which it is 
capable. 



Aax. Nlll.'-^IiagpermenU on the ^ar%(j4wim to which Mag-* 
nets are incident when exposed to the Solar Ras/s, By Pro^ 
lessor F. 2;ANT«:pKSCHi.t 

SiNCE ^he experim^t9 of Dr Hook and Dr Bobispn, it haa 
been well known tq natural philosophers, that red hot bars 
pf iron placed at a suitable inclinalion in the plane of the 
mf^petig meridian acquire a pertain degree of magnetic vir^ 

* They expelled from amongst them a gentleman^ oi i^om it is but 
4Kgllt pmise to s»;« that h« h the ftrst snd mast i^ssophieal botanist of 
our own country, and wbo iis ^dquced a))rQs4 «a be i^ mpe^l^ at heme. 
The circumstance which surpfised the worl4 was no^ hU e^it from, but 
his previous entrance into that Society.. 

f Tramlsted ftom the MibUotkeque Vmverselle, November 18«9, p. 193^ 
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tue, partkularly acoordiBg to ProfesMir Bwrlooeii (Qhmak 
Arcadicoj T. 188» 1839, p« 145,) when they are in the vimU 
ty of other magnets. We know also from the experiments- of 
Professor Configliacchi, (GwmaU di PaviOy IS18, T. vi.) and 
MM* Fusinieri, Barlow, and seyeral others, that metallie- 
rods partially heated excite a particular influence in magnetic 
needles freely suspended; and, finally, the delicate experi- 
ments of M. Eupffer, and other able natural jAilosopbersy 
ha^e shown that the intensity of magnetic action is in the <&'- 
rect ratio of the increase of the temperature of the magnet. 
Hence it follows that caloric concurs in putting electricity in*' 
to motion, in developing magnetism under certain favouraUe 
circumistances, and in weakening it in others, in. a manner ana^ 
logous to what we observe in thermoelectric crystals, as the 
last experiments of Mr Ritchie have shown. But none of 
the philosophers that I know of has directed his astention 
to the influence which the sdar rays may exercise in the pnv** 
duction of electro-magnetic phenomena. 

Since the experiments of Professor Moriduni, Professor 
Baumgartner has observed, that iron wires polished on a 
part of thedr length are magnetized by undecomposed solar 
lights exhibiting a north pole on the part which is polished.- 
The results, however^ obtained by Professor Barldoci, and by 
Mr Christie, (PhiL Trans. 1828, P. 2, p. 879,) have iAdu^ 
ced me to complete an inquiry which I had undertaken some 
tiise before the Memmrs of these natural philosophers were 
known to me, and thet sole purpose of whidi is to ascertain the 
varialiona to which magnets are incident under the influence 
of solar light Henoe it will, be seed that I do not design toi 
treat of the action of decomposed light, a subjeet on which the 
opinionr of Professor Morichini, confirmed by the experiments 
of Mrs Somerville and those made by myself (Bibt. Univers. 
May 1809^ p lfi2,) appears sufiidently esublished. 

The obseriKatioBS made at Paris by Casrini in 1793 on the* 
diurnal dian^s in the variation of mi^pftede needks, those* 
made hj Wadt and Chrietiey and. many others which ft is un* 
necessary. tD:nieiitkii,dem6nsti»te the influence of undeeoln.- 
posed sokur light upon all bodies^ and in a let^s degreid on thdse 
which are not sensibly magnetic. But these experiments, 
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while. tbey prove the existence of a powerful action of light' 
upon terrestrial bodies, do not permit us to see the mode in 
which the solar light acts in magnetic phenomena. I ought 
here to remark, that about the end of 1825, I had discovered 
that iron need leS) deprived of all sensible magnetism, and sus» 
pended under a bell glass by a very fine fibre from the cocoon 
of the silk worm, and having one of their extremities exposed 
to the light of the sun concentrated by a lens, did not delay 
withdrawing itself from the action of the sun, and turning that 
extremity to the north in the plane of the magnetic meridian ; 
but this fact was discovered and published before me by other 
natural philosophers ; and particular circumstances prevented 
me from resuming this subject before last year. It is true 
that my principal researches had for their object the action of 
the solar spectrum, nevertheless I remarked, that needles of 
iron, which did not possess any sensible magnej!;ism, acquired 
a feeble polarity^ when one of their extremities was placed for 
some time in compound light But, satisfied with this first ob- 
servation, I abandoned the inquiry, and did not resume it till 
the beginning of April in the present year. As it is in a great 
measure the same as that of Professor Barlocci and Mr Chris, 
tie, I ought first to describe the results of these two natural 
philosophers, who have anticipated me by the publication of 
their labours, satisfied in having followed the same route with-: 
out being acquiunted with their discoveries. 

Professor Barlocci discovered that an armed natural load- 
stone, which couhl carry a wdght of 1 ^ Roman pounds, (a Ro- 
man lb. = 839.179 grammes,) exhibited after three hours ex- 
posure to the strong light of the sun, an increase of energy 
equivalent to two ounces or one-aixth of a pound, and at the 
end of twenty-four hours the force of the loadstone was al- 
most doubled* A second loadstone of nearly the same strength 
having been put into a dark place, whose temperature waa 
equal to that of the solar rays, did not exhibit any iqpprecia- 
ble increase of strength* Another experiment was made with 
a stronger magnet, which carried five pounds, five ounces, and 
two deniers. This magnet having been exposed to the light in 
a cloudy day, in which the atmosphere was charged with hu« 
midity, and when it even snowed, no sensible increase of 
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strength was perceived ; while in the two following days^ dur* 
ing which the sky was perfectly clear, its strength incveased 
more than double. A more lengthened exposure of the load- 
stone to the solar light did not produce a greater e£^t. 

My own experiments made with every possible care confirm- 
ed these results. An artificial horse-shcye loadstone, which car- 
ried 13^ ounces, after exposure to the sun for three days, car- 
ried 3^ ounces more ; and, by continuing its exposure, its 
power increased till it became 61 ounces. It was not possible 
to obtain greater strength. I could not observe any sensible 
modification by a dry and cloudy day. I obtained analogous 
results with natural loadstones of different degrees of strength. 
I was now desirous of ascertaining if oxidaticm had any influ* 
ence analogous to that which I had observed in my experi-^ 
ments on the violet ray. Experiment proved, that, whilst by 
exposure to the sun, the strength increased in oxidated mag- 
nets, it diminished in those which are not so, but that this di- 
minution became almost insensible when the loadstone was 
polished so as to reflect light like a mirror. A loadstone in^. 
deed, not oxidated, which carried eight ounces, being exposed 
for three hours to solar light, lost 9,\ ounces of its strength, 
whilst another oxidated loadstone similarly exposed gained as 
much, and even more strength ; but having polished the first 
Hke a mirror, I could not observe any perceptible variation^ 
though its exposure to the sun was greatly prolonged. 

Since these experiments, which I repeated several times dur- 
ing the most brilliant days of April and May, \ have changed my 
method of operating. I cause the solar light to fall concentrated 
by means of a lens, sometimes on one pole and sometimes on the 
other, beginning always on the north pole ; and I am convinced 
that the choice of one pole in place of another was not a mat- 
ter of indifference. A loadstone, whether oxidated or not, whote 
north pole is exposed to the sun, acgmres strength ; if it is its 
south pole it hses strength. I have also discovered by ex- 
periments made successively with different loadstones, that the 
augmentation of force acquired in the first case is less than the 
loss sustained in the second, and that the variations are more 
considerable in oxidated loadstones than in those which are not 
so. In more than 60 experiments indeed, it was from 1 to 2 
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and to 8| ounaed^ wbilat the diaiuiaUon in the eorresponding 
oaae was from 3| to S, and to 6^ ounces. 

I have observed oxidated magnets acquire an energy double 
of that which they had previously, which did not take plape 
with those whose surface was clear. 

Fiiially, I satisfied myself that cooling was a circumstance 
favourable to die increase of magnetism. The loss of fotce, in* 
deed, which a magnet sustained whose south pole had becsi 
e9E{Kised to the sUn, diminished when this exposure ceased. 
The inerease obtained by the one whose north pole had been 
exposed, augmented on the contrary, in the same dreumstances. 

I ought not to conceal that I often encountered anomalies^ 
of which I could not discover the cause. Magnets are a kind 
of ProteoaeSf which transform themtolves under the eyes evcD 
of the most attentive observer. I trust, therefore, that phiiosc^ 
|Aen who rqseat my experiments, will not accuse me of iuaC'« 
curacy on this suhgect* 

A fact which surprised me extremely, and which I should still 
have doubted, if I had not reproduced it sevei^al times before 
intelligent persons, is, that in days when the sun was slightly 
coveral with an unequal veil, the south pole submitted to thd 
action of concentrated solar light manifested an increase of 
energy, whilst the north pole exhibited a diminution. It should 
be remarked, that in the first experiment, it was the south pole 
which I £rst submitted to the concentirated Ught. On the day 
folkwing, which was the 4th June, I resumed my experi- 
ments at S*^ p« M. Till half'past four, the space of time duriiqif 
which the sun^s light was very clear, I exposed alternately 
the poles of sevariil magnets, and I saw reproduced the efieoU 
which I hove above described, viz. an increase of strength by 
the exposure of the north pole, and adiminutic»i by tbat of the 
sooth pole, even when I began by expostng this last pole But 
after balf«j)ASt four, the sun being coveted with a tery thin 
veil, the same experiments cobtinued presented inverse phe« 
nomena^ that is the sam^ as those which I observed the Saj 
before, during which the sun wdis slightly coveted^ The same 
experiments reported by othet pertons have cleaily demonstnu 
ted that these were constantly the phenomena* I freely coii« 
iSftss that I. was astonished at tUs conttAlt,' add I could not 
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assign aay cause for. it but .by supposing that li^t presented 
a negfUwe polarUy^ the inverse of that of the strata of vapours 
which .float, in the atmosphere, duch as is observed in.the or- 
diaary. phenomena of polarisation, according to the fine dis* 
cQveries of Brewster and Arago upon paraselenie. * . 
. It will.perhaps be objected, that in all these experiments the 
action of caloric is combined with that of light, so that the 
final e&ct is due either to the isolated influence of one of these 
agents or to the combined influence of both. I feel all the 
force of this objection, but, as I have said above, caloric acts 
in general as a cause which diminishes the magnetic intensity/ 
Besides, I have recurred to direct experiments which prove 
that^ in the phenomena described, it has not acted otherwise. 
If we heat a piece of brick, but not so as to become lumincnis, 
and if we bring it near one of the poles of a magnet, we shall 
find that this magnet will no longer carry the same weight as 
before. The phenomenon in question, therefore, can dnly be. 
aacribed to light. 

Hitherto my manner of experimenting is that of Professor 
Barlocci, partly modified. That which I am going to describe 
is imitated from Mr Christie. This able natural philosopher 
informs us that direct solar li^t, as well as a plate of copper 
placed in the neighbourhood, diminishes the arcs of oscillation 
tsi.SL moveable magnetic needle. I tried at several times;. to 
repeat, the experiments of the English natural philosopher 
with needles three inches long, but I could not obtain satis- 
factory results, as was seen by Professor Configliacchi, who 
was so kind as to assist me in this inquiry. 

In consequence of this I had a needle made a Paris foot in 
length, and having repeated the experiment of Christie in very 
clear days, I could no longer doubt the accuracy of his-re* 
suits. In the shade, indeed, when this needle was drawn from 
its position of equilibrium through an arch of 90^, it perform- 
ed in 30" four oscillations, the last of which had a semi- 
amplitude of 70^. When exposed to the solar rays, it per- 
formed in the same time, and under the same circumstances, 
four oscillations, tlie last of which had only a semi-amplitude 
of 60°. I obtained more marked efiects by causing the needle 

• We do not understand what the author means by this reference. — En* 
N£W SERIES. VOL. III. NO. I. JULY 1830. F 
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to perform 6, 8, 12» and 14 oBcillotions. I ntet tried if I 
could discover the law which I bad formerly observed rela- 
tive to the poles, that is, if, by ezpostng to the sun the north 
pole of the needle, I should obtain a greater number of osciU 
lations and a less amplitude than by exposing the south pole. 
A series of experiments, repeated more than thirty times, has 
demonstrated to me the existence of this law. I considier it 
superfluous to insert the three or four tables which contain my 
results. I shall merely observe, for those who desire to re- 
peat these experiments, tliat when I expose to the sun the 
north pole, the semi-amplitude of the last oscillatifm has 6^ 
less than that of the first, while, by exposing the south pole, 
this last oscillation became greater than the first. 

It will be sufiicient to add, that in days sli^tly cloudy the 
results were inverse, as happened in the other experiments, 
and that the diminution of temperature augmented the inten- 
sity of the directive force. 

These experiments, though very delicate, have inspired me 
with great confidence, both on account of the regularity of the 
effects obtained, and on account of the manner in which they 
were made. I might still quote other facts which struck me 
in the course of my observations in June, and which tend to 
confirm what has been said above on the inverse action of heat 
and light ; but as I propose to treat the subject at greater 
}«igtb, I defer their publication to another opportunity. 

Pavia^ Jtt^ 4, 1829. 



Abt. IK. — Inquiry into the circumatcmcea under which the 
Remains of some FosM Jnimak were aocumtdated in the 
vobumic ^ cf the Velay^ in France. By S. HisBSETy 
M. D., F. R. S. E., &c. &c. Communicated by the Author. 

In the memoir, by M. Bertrand de Doue, oi which a trans- 
lation was given in the last number of this Journal, concerning 
the bones of the Hyena and other animals which were imbed- 
ded in the tufa of Saint-Privat, an allusion was made by him 
to another discovery by M. Felix Robert, an intelligent natural- 
ist of Le Puy, of the fossil remains of animals of the Bos genus, 
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and of CctVi of a very large size, which were found near a basal- 
tic plateau to the noirth of Polignac ; the accumulation of which, 
according td the writer quoted, is due to circumstances very dif- 
ferent from those which were the subject of his memoir. A 
y^fry satisfactory inquiry into the circumstances under which 
these animals were discovered may be expected from the very 
able naturalists of thiS vicinity. The site was pointed out to 
me hj M. Robert, and in giving the result of my own examina- 
tioi^, I must add, that the accumulation of these remains is 
most difficult to be explained, except in connection with the 
more general geological history of the Velay, of which I shall 
atteihpt a very faint sketch ; — ^professing at the same time my 
acknowledgment for the assistance which I have received in 
^Miifg it up, frotn the masterly treatise oti the rocks of this 
province by M. Bei'trand de Done. 

The lowest exposed rocks of the district of the Velay consist of 
gfanite, which is associated in a few places with such primary 
strata as gneiss or mica slate. The granite is, in the vicinity 
<rf Le Puy, surmounted by secondary strata, which are probably 
those \)f the quader sandstein. Long after the period of this 
deposit the valHes of this portion of France became subject to a 
new dhange. They exhibited a series of lakes flowing the one 
after the other along the actual course of the Loire, of which 
the basin of Le Puy was the most elevated. The effect of this 
was a tertiary calcareous deposit, comprising sandy clays, pot- 
ter's clay, marly and gjrpseous beds, &c. ; and as new races of 
vegetables and animals were then called into existence, remains 
of gramineous and other vegetables have been discovered in the 
deposit, along with such fossil shells as Lymnese, Cyclostomae, 
Bulimi, Planorbes, and Gyrogonites, and such large mammi- 
ferous animals as the Palaeotherium and the Anthracotherium. 

That the lake of Le Puy existed long, is evident by the 
thickness of its deposit, which attains the depth of near four hun- 
dred and fifty feet; but that its confines continued during the 
whole time to be lined with forests which gave shelter to verte- 
bral animals, does not appear. Some great catastrophe seems 
to have occurred, which, at least in the district of the Velay, 
was incompatible with the existence of organic beings. This is 
shown in the remarkable system of beds discoverable at the ra- 
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vine Des Brus, near Le Puy : at this place there are at least- 
twelve beds of calcareous and argillaceous marls, severally vary- 
ing from about two inches and a half to ten feet in thickness,, 
which exhibit alternations, several times repeated, of beds 
with fresh water shells of different kinds, and with beds that 
show extremely few or none of these remains ; while the whole 
of this upper deposit exhibits the absence, or at least the ex- 
treme rarity of remains or impressions of the vegetable kingdom. 
-^From this appearance M. Bertrand de Done has made many 
important deductions. 

Such is a feeble sketch of the geological history of the Velay, 
which immediately preceded a new order and system of nature;-, 
which new order was first characterized by a cessation of the 
cause, whatever it was, that induced the calcareous and argilla-. 
ceous fresh water deposit, which had before subsisted. 

When the surface of the earth had become tranquillized, a 
new vegetable and animal creation appears to have taken plaoe^ 
to supply the deficiency which had resulted from prior changes.. 
The first vegetable deposit which ensued, is perhaps one o£ 
the most interesting which is to be found in the whole course 
of our geological researches. This is the Brown Coal deposit 
of the German geologists, which, as a formation, is the best 
studied in the neighbourhood of the Lower Rhine. It is, how- 
ever, sufficiently well marked in the Velay, where it exhibits, as 
in other districts of Europe, one common character. 

This deposit, in its relations, intimates the existence of such 
forests as were calculated for a state of the country, where the 
watersof its ancient lakes were in a slow and gradual state of drain- 
age. In the time when the brown coal of the Velay was form- 
ed, the waters of the expansions of the Loire had commenced 
the process of drainage ; they had readily deepened for them- 
selves a passage through the soft calcareous marl, leaving on the 
sides of the basin of Le Puy much wet ground. In many conveni- 
ent declivities, therefore, such trees as were calculated for a 
marshy state of the soil rose into existence, such as the birch, 
the wUlow or the alder, and along with them fresh water fish> 
frogs, lizards, and numerous insects. These are accordingly the 
organic remains indicative of the brown coal formation, which 
we trace in many parts of Europe ; and as the marshy state of 
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the country, which it intimates, was calculated for particular 
racee of animals, we accordingly find, as it can be distinctly 
shown on the banks of the Rhine, that several mammiferous 
tribes, some of which are now extinct, date their existence from 
the commencement of this interesting formation. 

During the time that the early forests of this new state of our 
globe subsisted, of which this and other similar deposits in Eu- 
rope give so decided an intimation, the process of degradation 
was rapidly proceeding ; and as the debris of these marshy fo- 
rests, along with the disintegrated materials of the rocks of the 
Velay, would be carried into low levels, we accordingly find in 
the deposits of the brown coal formation, various alternations of 
earthy and vegetable matter. Some of these ancient forests ap- 
pear in time to have been obliterated ; owing, probably, to the 
too rapid progress of disintegration which was induced, by which 
new lands were rapidly formed. Thus, at Roche-Lambert, near 
St Paulien, alternations of lignite and earthy deposits are sur- 
mounted by a bed of whitish micaceous sand about fifty feet thick, 
mixed with clay and attrited fragments of quartz and felspar ; 
and at Aubepin the deposit is terminated by a bed, a few in- 
ches thick, of quartzose sand, coloured yellow by the hydrate of 
iron. Such forests, however, as continued to exist, were the 
haunts of animals of the Bos kind, and of various species of Cer- 
vi', some of a large size, and (as recent discoveries have proved) 
of the Rhinoceros leptorhinus of Italy, as well as of the Hyaena 
spelsea. Remains of the human race have not yet been found 
in the Velay ; though such a discovery, seeing that it has been 
proved in the south of France that man was a contemporary of 
different extinct animals, is by no means improbable. 

The forests and marshes of France had for some time been 
peopled with various races of animals, when convulsions appear 
to have shaken the solid rocks of Europe to their very founda- 
tion. The Velay partook deeply of the commotion ; a system 
of volcanoes, tremendous in its nature and effects, bursting 
forth from the high lands from which the Loire takes its rise, 
and extending, for the most part, in a direction east of the 
river along thie limits of the fresh water basin of Le Puy 
Some few eruptions took place from beneath the fresh water 4e. 
posit itself The volcanic materials which were ejected con-^ 
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sisted of trachytic felspar and of basalt, the latter substance be- 
ing the most abundant. Successive torrents of lava, ejedjions 
of scoriae, and deposits of tufa, thus spread themselves over the 
country, filling up declivities, and, in coating the mx&fie of the 
calcareous deposit of a preceding state of the earth, protected 
much of it from the further process of disintegration. 

But extensive as these eruptions were, ve do not find that 
they put a stop to the vegetation of the country. Thus, at 
Collet, Ronzal and other sites, strata of the brown coal deposit, 
consisting of black carboniferous clays containing vegetable re- 
mains and accompanied with ferruginous sands, alternate with 
rolled masses of trachyte, phonolite, basalt, or volcanic cinders. 
The remains also of many large animals which have been dis^ 
covered appear in an intermediary period of these convul- 
sions, under circumstances which demand much explanation in 
order to be understood. 

It would appear that in an advanced epoch of these volcanic 
eruptions, after the waters of the Loire, in hollowing out a 
course for themselves through the tertiary strata, had sunk 
nearly to their present level, that the stream was dammed up 
at the narrow gorge of Chamelieres by an eruption of an im^ 
mense dike or mass of phonolitic lava ; similar impediments to 
the outlet and drainage of the vallies occurring even in other 
sites, though in a less degree. By the inundation which thus 
took place, two expansions or lakes were formed, into whidi 
volcanic cinders and scoriae, fragments of trachyte and basalt, 
as well as the disintegrated masses of primary rocks were washed, 
which were again mingled with the different products of the 
calcareous deposits which had previously occupied the basin. 
And hence, nothing can well exceed the variety of earthy mix- 
tures which were thereby induced. In some places the mecha- 
nical force of the water and calcareous infiltrations has formed 
the deposit, for a considerable space, into a compact brecciated 
mass, rivalling the hardness and massiveness of solid lava ; in 
other spots, by the prevalence of finer products, a regular stra- 
tification has ensued ; — elsewhere, by the presence of iron in 
different states of oxidation acting on the finer materials of' 
scgrise or cinders, a mass has been induced, beautifiilly variega- 
ted in colour, to which the name has been given of ribboned 
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lirecqa. Occasionally, where there has been no play of infiltnu 
tion, we find the mass to be uncemented, loose, and earthy. A 
last variety consists of marly or argilUceons fragments conjoined 
and more or less indurated, which are varied by the presence of 
rolled or angular fragments of granite, small masses of olivine^ 
remains of vegetables, or geodes of the hydrate of iron. 

But other effects necessarily resulted from the damming up 
of the course of the Loire. The waters, which, by the filling 
up of their beds, were constrained to maintain a higher level, 
had this level again so much increased by the volcanic products 
washed into them as to fill the high lateral vallies. During this 
general overflow, therefore, we may turn our attention to the 
^te of a lateral valley situated between St Paulien and the 
castle of Polignac, the tertiary deposit of which is surmounted 
by a mass of volcanic debris, consisting of large fragments of 
basalt mixed with scoriae and ashes which were washed into it 
from tin extensive basaltic plateau. The larger fragments, 
some of which are several tons weight, show, in many plaoes, 
by the rounding of their angles, marks of their having been ex- 
posed to the abrading action of fierce torrents ; they are also 
frequently united by a muddy and little coherent paste, consist- 
ing of clay and sand, the result of comminuted or decomposed 
materials. This stratum is indicative of the period when the 
adjoining volcanoes were in activity, and when, from the sud- 
den obstacles opposed to the discharge of the waters, deluges were 
in full force, beiiig of sufficient activity to wash from the neigh- 
bouring volcanic plateau masses of an immense size, so as to 
forin one chaotic mass* In process of time, howeyer, when the 
Loire, which had attained the full height of its increased level, 
had forced for itself an en^ission by some new course, or had per- 
haps deepened for itself a passage through its old gorge, nature 
was more composed ; which tranquil state is indicated by the 
superior strata, near Cussac, which surmount the mass of huge 
fragments, and which consist of the finer materials of sand and 
clay dispoised in vegviax strata, and often so cqnsolidated as to 
resemble a spft sandstone. During this last mentioned state of 
tlie site of Cussac, th^ banks of the lateral branch of the lake, 
which once fiU^ tbe valley, and which indicate a high level 
of watery were eyidealdy frequented by animals of the Bos ge- 
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nus, as well as; by> stage of a gigantic site,, the remains of wbid 
have been recently found imbedded in the last maitioned strata. 
But although the evidence is irrc^sistible that they paatured 
here during some short intervals when the volcanic focus waa 
quiescent, the circumstances which led to their inhumation 
can only form the subgect of conjecture, regarding which what 
I have to say will be brief. 

: It is manifest, from the very large quantity of bones which the 
rains have annually washed out of this deposit of sand and day, 
that a herd or more of graminiverous animals have been here 
entombed, some entire skeletons of which have been found by the 
industry of M. Felix Robert, on whose estate they occur. It 
is, therefore, by no means improbable, that these animals had 
met. with some accidental- fate; probably from the sudden or in- 
stantaneous rise of the lake above the level which it had as- 
sumed. This is a circumstance the most likely to happen from 
^e contmued activity of the volcanoes long after this period ; 
whence new impediments would be likely to occur, to prevent the 
discharge of the waters. Thus, it might arise frxim some outlet 
being again dammed up, or from the level of the lake being sud- 
denly elevated, owing to new ejected matters being added to 
the former contents of its basin. Or, lastly, the animals mi^t 
have met with a sudden fate independently of volcanic causes ; 
as by some land-slip causing a further stoppage, or filling up of 
the basin, and so inducing a new flood by which they were 
drowned. Any of these inferences are easily suggested by the 
geological circumstances that connect themselves with the in- 
humation of these animals ; while that of their being destroyed by 
aa immense wave indicative of the general deluge, which in its 
frightfrd progress had swept before it immense fragments of rocks, 
and dispersed them over distant planes, is forbidden by the fiu^ 
that not a single stone or boulder has hitherto been found in 
the. district of the Velay, which cannot be traced to adjoining 
heights. 

The remaining portion of the volcanic history of the Velay, 
has been alluded to in the last number of this Journal, in the 
description which was given of the circumstances under which 
the remains of the hyena and other animals were discovered. 
The river Allier runs for a distance of nine leagues, a course 
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not vety fiur from parallel with the Loire, and from the moun- 
tains of this intermediate space, numerous flows of lava issuing 
from volcanic mouths may be traced ; which, from their relations 
of superposition, and from the nature of the products ejected, 
have evidently belonged to races the most recent of the long pe- 
riod during which subterranean fires have ravaged the soil of the 
Velay. In this district, at the village of Saint-Privat, I recently 
discovered the bones of fossil animals imbedded in a volcanic 
tufa, and covered over by a subsequent flow of basaltic lava ; 
while the excavations since conducted by M. Bertrand de Done, 
to whom I pointed out the site, have showed, that the tufa had 
afforded burrows for hyenas, who had here retired with the spoils 
of the animals upon whose carcases they had fed. 

Either contemporary with the last mentioned Volcanoes, or not 
long after them, it is probable that the distrit^t of the Velay 
became the abode of man. But for the verification of this sup- 
position, we must wait for such interesting discoveries of the 
bones of the human race being mingled with those of extinct 
animals, as have been made in the caves of the sputh of France. 
> The last eruptions which lightened up the volcanic regions of 
France were probably in the district adjoining that of the Ve- 
lay, named the Viverais. Sidonius ApoUinaris, who lived in 
the fifth century, has adverted to an eruption of his own time, 
as ** one in which the earthquakes demolished the walls of Vi- 
enne ; when the mountains opened and vomited forth torrents of 
inflamed materials ; and when the wild beasts, driven from the 
woods by fire and terror, repaired into the town and made ex- 
tensive ravages.^ 

Traces of this last eruption ought to be discovered. They 
may, perhaps, be identified in a volcanic hill which I crossed 
between Thueys and Montpezat, where the flows of the lava 
show a freshness that is not to be exceeded by any of the vol- 
canoes of the continent, those of Italy excepted. To quote the 
words of a companion of my journey, ^^ waves of lava still ap- 
peared without a blade of grass upon them, as if they had flow- 
ed down the hill not a week before; or acT if they were scarcely 
coH.'' 
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Akt. X. — Account of Experiments on the Elastic force of 
Steam up to twenty-four Atmospheres^ made by order of the 
Academy of Sciences of Paris. 

The French Government having resolved to submit steam 
engines to examination, consulted the Academy of Sciences 
respecting the means which, without checking the developement 
of industry or the operations of commerce, might be most 
suitable to prevent those disastrous accidents which might arise 
from the explosion of steam boilers. 

This important question was examined by a special commis^ 
sion, whose report, discussed and approved of by the Academy^ 
was addressed to the Minister of the Interior. 

Five months afterwards, on the 9th October 1823, there ap^ 
peared a royal ordonnance which rendered obligatory the mea« 
sures proposed by the Academy ; but it was quickly seen by 
the engineers, who were specially charged with the executioQ 
of this ordonnance, that the wishes of the government could 
only be fulfilled by executing a series of difficult and expensive 
experiments on the elasticity of steam at very considerable 
temperatures. The government engaged the Academy to un-» 
dertake these experiments; and a committee, consisting of MM. 
Prony, Arago, Ampere, Gerard and Dulong, was appointed 
to superintend the construction of the apparatus, and to exe« 
cute the experiments. 

As similar experiments had never been made on elasticities 
above eight atmospheres, the committee resolved to extend 
them to above twenty ; and in performing this most arduous 
task, they have evinced the greatest ingenuity and practical 
skill in the construction of the apparatus, and the greatest ad- 
dress in conducting the experiments. The results which were 
thus obtained, cannot fail to be considered as one of the most 
valuable presents which science has for a long time conferred 
o^. the arts of life ; and as likely to prove one of the greatest 
blessings to hum^ity. It is a reflection on England and on 
her successive governments, that such experiments have not 
been long ago made under their direction ; — it is a reflection on 
our publicinstitutionsy which ought in matters of science to advise 



JEncperlvienU <m the Elaitie force of Sieafft. 91 

and stimulate the government ;-»>it is a reflection an thecboJrac-' 
terlstic benevolence of our countrymen, that inean^ should not 
have been taken to avert the tremendous calamities of explo- 
sions by steam. But in proportion as it was the duty of Eng- 
land, where every thing but intellectual labour is carried on 
by steam, to have originated and completed such an inquiry ; 
in the same proportion is it honourable to the French Govern- 
ment, to the Academy of Sciences, and to the eminent committee 
whom they appointed, to have achieved so important a work.* 

Our limits will not permit us to give any account of the appa- 
ratus employed by the committee. We shall state, however, 
the method of measuring the temperature of the steam, and 
any other details of particular interest. 

^* The exact measure of the temperature, as the report states, 
prcHented some difliculty. The thermometer ought not to be 
exposed directly to the pressure of the steam ; for even though 
it might be able to support it without being broken, it would 
have been necessary to take into account the effects of the com- 
pression, the estimation of which would have been sufficiently 
embarrassing. In order to obviate this inconvenience, there 
were introduced into the boiler two gun-barrels closed at one 
end, and drawn to a point, to afford a resistance necessary to 
prevent their being crushed during the experiment. The one 
descended nearly to the bottom of the boiler, and the other did 
not go farther than the one-fourth of its depth. 

The thermometers were placed in the interior of these cylin- 
ders filled with mercury, the shortest being used to give the 
temperature of the steam^ and the longest the temperature of 
the water. This method, the only one which is practicable in 
experiments of this kind, would have been very defective, if it 
had not been accopipanied with convenient means of rendering 
the variations of temperature very slow. This is one of the 
reasons which induced us to give to the boiler and furnace 
greater dimensions than would otherwise have been necessary ; 
for we are satisfied from several trials, that near the maximum^'* 
the smallest variations in the elasticity of the steam are accom- 

• Such of our readers as have perused the able paper by Mr Babbageon. 
the Decline of Science in England, printed in this number^ will find in 
these details a most striking proof of his sentiments. 
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panied with corresponding' variations in the indication of the 
thermometers. 
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The committee next proceed to notice the experiments pre- 
viously made on the elasticity of steam, and the formulae given 
to represent them. The experiments thus noticed are those of 
Southern, Taylor, and Ure, none of which were carried beyond 
eight atmospheres, and those of Arzberger, ♦ Professor in the 
Polytechnic Institution of Vienna. In the experiments of the 
German Professor, the elasticity was measured by the effect 
necessary to prevent the rising of a valve furnished with a lever. 
He appears toTiave carried his experiments so high as twenty 

* JahrJbucher des k. k. polytechnisches Inxtitutes in Wien, T. 1, p. 144, 
1819. Polytechnisches Journal von Dingier, T. 12, p. 17 Bulletin des 
Sciences Tech nof off iques, T. 1, p. 123. 
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atmospheres, the temperature c.orre9pondiDg to which was 
222° cent., which it will be seen corresponds 4o twenty-three 
atmospheres in thepresent experiments. This difference seema 
to have arisen from the thermometer having been exposed U> 
the pressure of the steam, and having thence experienced a 
diminution of capacity* 

The formulas noticed by the committee are those of Prony,. 
Laplace, Biot, Ivory, Roche, Auguste, Tregaskis, (see this* 
Journal, No. xix. p. 68.) Crichton, Southern, Tredgold, and 
Coriolis. 

The formula of Prony, or z zz fi, §,' + fi„ §/ + fA,,, §„" m 
which z is the elastic force and a: the temperature of the steam,, 
was contrived tb represent Bettancourt'^s observations, but the 
length of the calculations necessary to determine the six con- 
stants fA, ^, &c. renders it tedious to use this method of interpo- 
lation. 

M. Laplace, following the approximative law of Dalton, vi^ 
that the elasticities of the steam iujcrease nearly in geometrical 
progression, when the temperatures are in arithmetical pvo^ 
gression, represents the elastic force by an exponential, whose 
exponent is developed in a parabolic series. The two first 
terms appeared to him sufficient, but M. BioU proved the ne- 
cessity of taking a third. (See Traiti de Pkys.T. I p. 277,360.) 

This kind of expression the committee found to be one of 
those which deviates most from observation, and five or six 
terms of the series would now be necessary, which would make 
the calculation interminable. The formula of Ivory, which is 
of the same nature, though the coefficients are obtained by 
another process, has the same inconvenience. At the highest 
temperature of the experiments of the committee, it gives an 
elastic force more than double of that observed. 

M. Roche, professor of Mathematics in the Marine School 
of Artillery at Toulon, sent to the Academy in the beginning 
of 1828, a memoir on the law of the elastic forces of steam. 
It is not merely an interpolation useful to the arts which the 
author proposes to establish. He regards his formula as a 
physical law, deduced by calculation frqm the most general 
principles of the theory of vapours. The comitaittee regard 
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this theory aanot well foutid^d^ but they find that the formu- 
la is one of those which agree best with obserratioDy being in 
error only me degree for tweiity^four atmospheres^ mid a tenth 
of a degree only for about two atmospheres. 

Nearly about the same time, M. Augnste of B«-lin, p«b- 
lislied a formula so far like the preceding that the elasticlbroe 
is represented by an exponential, whose fractional exponent 
contaitw the temperature both in its numerator and detiomi<^ 

nator. This formula \% e:=a(-\ «(• + /) where e is the elas. 

•ticity in metres of mercury, a the elasticity of the vapour at 
eP cent. 6 ^ 0.76, w = 100, w = 266 |, and t the temperature 
-centigrade, setting out from that of melting ice. M. Auguste 
establishes this formula by considerations different from those 
of M. Roche, and the temperatures are reckoned on the air 
thermometer. The formula gives the temperature for twenty- 
four atmospheres, 214°.S7. Observation gives 224°.2 on the 
mercurial, or 220°.33 on the air thermometer. The difier- 
ence is then about 6% or if we calculate the elasticity for the 
temperature of ^20° or the air thermometer, we shall find an 
excess of mote than two metres of mercury. 

The formula originally proposed by M. Tregaskis in the 
Edinburgh J (mmal of Science, is not found to agree with ob- 
servation at high temperatures. The deviation amounts to 
about a^ 

Almost alltbe other formulas hitherto proposed rest on the 
same principles, and differ only in the constants which enter 
into -their -corapo&ilion. Dr Young appears to have been the 
first who Represented the elasticities by a certain power of the 
temperature, augmented by a constant number. He adopted 
the exponent 7- Creighton took 6 to represent Ure'^s ex- 
periments. Southern took 6.1S, and Tredgold adopted the 
exponent of Creighton, changing the coefiicient; and lastly^ 
M. Coriolis adapts 5.855, deduced from Dal ton's experiments 
below 100.® This formula differs very little from that which 
we have employed. It agrees well with the extreme observa- 
tioDSi, andr'differs only two or three tenths of a degree iqt the 

. .. rwi_ ^ 11 /^ 1 + 0.01878^X5.355 

mtermediate ones. The formula is e ^ f ^^ifjs ' I 
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ivbere e expresses the elasticity in atmospheres of 0">. 76 and 
i the temperature in cent, degrees vetting out trtoA 0^* 

We prefer, however, the formula e = (1 + 0.7153^)* where 
€ is the elasticity in atmospheres of 0°^. 76, and t the tempera^ 
ture setting out from 100% being taken positively above and 
negatively below 100, the interval of 100 being taken for uni- 
ty. The only coefficient which enters into this formula was 
deduced from the highest term of our observations^ 

We have placed in the following table the values given for 
the principal terms of the series, by the four formulae which 
deviate the least from experiment, and which are not too diffi- 
cult of calculation. 



taasticity 


lilasticity 










Temp. calc. 


in metres 


ia atnos- 


Tempera. 


Peoiper*. 


Tempera- 


TeropcTft. 


ftFrmnla 6f 


of mercury 


pherea of 


ture ob- 


ture calc. 


ture calc. 


ture ealc. 


fhe Commit-i 


atO*>. 


Om. 76. 


served. 


Vredgold. 


De Hoche. 


Coriolis. 


tee. 


1.62916 


a.l4 


123\7 


123^.54 


123^.58 


123^45 


12«°.d7 


«.1816 


2.8705 


133.3 


133 .54 


133 .43 


133 .34 


132.0 


3.4759 


4.5735 


149.7 


150 .89 


150 .23 


150.3 


149 .77 


4.9383 


6.4977 


163.4 


164 .06 


163 .9 


V64.^ 


163 ^47 


5.6054 


7.3755 


168 .5 


169 .07 


169 .09 


169 .3 


168.7 


8.840 


11.63^<i 


l»8 .5 


188 .44 


188 .63 


189 J02 


188.6 


13.06) 


17.185 


206.8 


206 .15 . 


207.04 


207 .48 


saw ,2 


13.137 


17.285 


207.4 


206 .3 


206 .94 


207 .68. 


207 .5 


14.0034 


18.504 


S10.5 


209.55 


210.3 


211 .06 


210.8. 


16.3816 


21.555 


218.4 


2i(r.2S 


218 .01 


1218.66 


218.5 
224*02 1 


18.1894 


23.934 


224.15 


222.09 


233.4 


224.0 



The following are the formulae by which this table ha» ^i» 
calculated. 

1. TredgoUFsj t = 8i>y /— 75, t bei»g the iemperature m 

eentigrade degrees setting out from 0% and /the eteticity ift 
eentimetres of mercury. 

2. De RocheX t = _'iij;|^^_ t being the 

temperature in centigrade degrees above 100% and /the. eias- 
ticity in millimetres of mercury. The coeffijcient CL1644 19^ 
deduced from the new observations of diecoaiinktee. 

6.356 / 

8. CofkUifSy tss -^ — 0.197a ^ bciiqp the tanpdrature itt 

centigrade .degrees setting out from 0% and /the elasticity in 
atmospheres of 0.76 metres. 
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4. The formula adopted by the Committee is ^=^^^^3, 

t being the temperature in centigrade degrees setting out from 
100°, and taking for unity the interval of 100°, and / the 
elasticity in atmospheres of 0.76 metres. 

By comparing the last five columns of this table, it will be 
seen, that, as far as three or four atmospheres, the three first 
of these columns represent the observations with sufficient fide- 
lity, but beyond this the fourth of these columns, adopted by the 
comiAittee, is constantly nearer to the experimental results. The 
greatest difi^rence is 0.°4, and in almost all the rest it is only 0.°1. 
A more considerable deviation which takes place in the two 
first terms is of little consequence in this part of the scale, so 
that the formula may be applied to the arts even in this inter-i 
val. Though by the nature of the experimental process which 
we employed, the errors ought to be proportionally greater for 
low pressures, it is not probable that the formula errs in dei- 
fect from this cause, for it will be perceived that for smaller 
pressures than one atmosphere, the divergence increases more 
and more, in proportion as we descend lower. Hence it ap- 
pears that the employment of the formula ought to be limited 
to elasticities greater than one atmosphere. The formula of 
Tredgold may be used to 100°, or even to 14fO®. 

Having thus obtained a very simple formula, which agrees 
so perfectly with observation, we may employ it in calculating 
the table which forms the principal object of these researches ; 
and as the only coefiicient which enters into it has been deter* 
mined from the last term of the series, we cannot doubt, from 
its coincidence with the preceding terms, that it may be ex- 
tended much farther without any notable error. We are per- 
suaded that at 50 atmospheres the error will not exceed a de- 
gree. 

The following table contains the temperatures calculated for 
pressures which increase by half atmospheres from one to 
eight, by whole atmbspberes from eight to twenty-four, where 
the observations end ; and by five atmospheres, from twenty- 
five to fifty^ supposing that the formula extends so fan 

3 
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Table of the Elastic forces Of Steam^ and of the corresponding 
temperatures. 



Elasticities in 
Atmospheres. 


Elasticities in 
metres of mer- 
cury at 0," 


Temperatures on 
the mercurial 
centigrade ther- 
mometer. 


Pressure on a 
square centi- 
metre in Kilo- 


1 


0.7600 ^ 


100» 


1.033 


U 


1.1400 


112.2 


1.549 


9, 


1.5200 


121 .4 


2.066 


24 


1.9000 


128.8 


2.582 


3 


2.280 


135.1 


3.099 


3i 


2.66 


140.6 


SSXS ~ 


4 


3.04 


145.4 


4.132 


^ 


3.42 


149.06 


4.648 


5 


3.80 


153.08 


5.165 


SI 


4.18 


156.8 


5.681 


6 


4.56 


160.2 


6.198 


6J 


4.94 


163.48 


6.714 


7 


5.32 


166.5 


7.281 


n 


5.70 


169 .37 


7.747 


8 


6.08 


172.1 


8.264 


9 


6.84 


177.1 


9.297 


10 


7.60 


181.6 


10.33 


11 


8.36 


186 .03 


11.363 


i2 


9.12 


190.0 


12.396 


13 


9.88 


193.7 


13.429 


14 


10.64 


197.19 


14.462 


15 


11.40 


200.48 


15.495 


16 


12.16 


203.60 


16.528 


17 


12.92 


206.57 


17.561 


18 


13.68 


209.4 


18.594 


19 


14.44 


212.1 


19.627 


20 


15.20 


214.7 


20.660 


21 


15.96 


217.2 


21.693 


22 


16.72 


219 .6 


22.726 


23 


17.48 


221 .9 


28.769 


24 


18.24 


224.2 


24.792 



The following numbers are calculated. 
25 19.00 226.3 

XKW SERIES, yOI,. Ill, VO. I. JULY 1830^. 



25.825 
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30 


2S.80 . 


S36.S 


800W^ 


85 


26.60 


244.85 


36.106 


40 


30.40 


352.55 ' 


41.320 


45 


34.20 


259 .52 


46.486 


50 


38.00 


265.89 


51.650 



The temperatures which correspond to the tensions from 
one to four atmospheres inclusive, have been calculated by the 
formula of Tredgold, which in this part of the scale accords 
better than the others with our observations. — ^Abstract^ from 
the Ann. de Chim. Jan. 1880. 



Art. XI. — On Inscriptions in living Trees. By Dr C. A. 
Agahdh, Professor of Economy and Botany at .Lund. 
Translated from the Swedish by Jam^s F. W. Johnston, 
A,M. 

It is a thing worthy of remark, that the older the human raqe 
becomes, and the farther it shoots forward from its origin, the 
more knowledge do we derive concerning the earth^s " olden 
time.*" Providence has preserved the records of the earth often 
in the most singular manner, so that when man has believed 
every source of information to be exhausted, new light has 
suddenly barst in upon ,bim from an unexpected quarter to 
show him periods formerly unknown. 

For a. whole thousand years we have been accustomed to 
believe that no important knowledge concerning the doctrines 
of former times was to be obtained except^ from the writings 
of the Hebrews, Greeks, and Romans. Their literature has 
occupied the learned not only for its classical beauty, but as 
the store-bouse of all that .we know of the oldar history of 
man. Many still live in the opinion that the few ages em- 
braced by the history of these nations are the only ones, the 
transactions of .which it is necessary to know. Yet they are 
but as fixed stars of the first magnitude in the infinity of space, 
beyond which the telescope shows us thousands as worthy to 
be known as they. 

When civilization carried Europeans to India, they found 
there an unknown literature and unknown faistories,-«^historie8 
relating to mysterious and strange tim^s,- and a high thongh 
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aocittDt Idiriiing. Lai% w«0 the key to this leftrniiig might 
for ia vaio, till when it was almost despaired of, and when the 
exGttation of euriostty was the only result of research into tb« 
historical monuments of India : the unriddling of the Egjrpt- 
ian hieroglyphics was at length effected, and singularly enough 
Yirhole libraries were found at the same time written in the 
sacred character. This circumstance the more 'awakens our 
surprise that we do not possess a single Greek or fiiHnan manu* 
script more ancient than a thousand years, while in the pyra> 
mids of Egypt ax» iotand ndk of papyms ptesetved not fiir 
fNM httt liar aeperai thousaads of years. Thus the papyrus 
^^FQBgup on the banks of the Nile, that its imperishable leaf 
might convey a correspondence from the world most ancirait 
to its newest times. 

But all these documents give us only an individual history.. 
In lata* times other annals have been discovered, which com- 
memorate, not heroes, but jEiges,-— not wars and exploits, hut 
the revolutions of the earth. They refer to a still older time, 
imd bear us back to the six days b^ore man was created. It 
is incredible with what care the earth preserves these memori>» 
als in its bosom. Insects of a day, embalmed in amber, are 
preserved for thousands^ of years. Sf^etons, which under 
present circumstances perish in a few decades, — Palms, wfa^se 
loose stems decay more speedily than other trees, — the very 
Algs^t so easily destroyed by storms and seasons, — ^nature voa.^ 
beds carefully in certain deposits, to constitute together so 
many hieroglyphics in that writing of which, when (kstroyed^ 
they riwiU afterwards testify the existence : as a man who, oft 
the eve of shipwreck, seeing death inevitable, draws up an ac- 
coimt <^ his misfortune, and commits it to the same element 
irhich destroys himself, yet faithfully bears his message to the 
Imd of his home. 

One would hardly suppose that inscriptions on trees, the 
result generally of idleness or ci^rice, could be ranked among^ 
historical monuments. We conceive, that, once overgrown with 
bark, they are for ever obliterated. But it is not so. The 
bark only seals it up, and hides it from the gaze of unseason- 
able or impertinent curiosity. While the tree exists, the in- 
scription remains entire within, and the older it becomes, the 
deeper is it buried, and the more safely preserved. It is not 
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impiobable that such inscriptions may be employed as bistoiv 
eal monumeDts, and though . they are not so at present, they 
may lead us to the cbronology of monuments whose age we 
have not hitherto attained with certainty. A couple of ex« 
amples will explain my meaning. 

' DecandoUe states, but without naming his authority, 
tliat there were found upon trees in India, inscriptions in the 
Bortuguese tongue which had been inscribed several craturies 
before, when the land was in the possession of the Portuguese.* 
Adanson, who travelled in Senegal in 1749»i' met upon the 
Magdalena Islands, near Cape Verd, with some baobab trees, 
on which were found inscribed letters of a high antiquity. 
Tevet had seen the same inscriptions in 1655^ although they 
were still so legible that the names of travellers of the 14th 
and 15th centuries could be made out. Adanson found the 
trees six feet in diameter. He concluded from Tevet^s states 
ment, that in his time they were three or four feet, and he 
found that they could not have been under a certain size when 
the inscriptions were made. He knew, besides, that a baobab 
stem of a year old has a diameter of one to one-and a-half inches^ 
of ten years old one foot, and of 30 years two feet. These he 
eonridered so many terms of a series, which he filled up accord- 
ing to the same law, and found, that a boabab tree of thirty 
feet in diameter would have an age of 5150 years, or little less 
than the age of the world itself, as deduced from the sacred 
writings. He adds, that he himself saw boabab trees of twenty^ 
seven feet in diameter, which must, therefore, have an age of 
4880, and which seemed in their most flourishing state.} 

This age, however immense it may appear to our imagina- 
tion, on closer consideration, does not appear extravagant* 
Animals bear in themselves the germ of their own dissolution, 
or the cessation of their organic life. One of the conditions 
of life is, that the molecules in their solid parts continually 
f^hange ; but as this takes place incompletely, so that a portion 
always remains in the state of inefiScient particles, it must hap- 

* Decsnd. Organogr, p. 185. Thb is probably the same inscription 
mendoned in the sequel of this paper, 
t DecandoUe says 1759^ wHicli is a mistake. 
X Adanson^ Families des Planies, p. 2H. 
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peOf iii ft shorter or longer period* tbat these ineffieient par* 
tieles becomle so augmented, that the active molecules are no 
longer sufiScient for the discharge of the vital fuactions^-^tl^ 
mmnbranes stiffen, and circulation at length stops of itself. 
Animal life is thus a finished cyclus, necessarily returning to 
thatt nothing from which it sprung.' Among plants, such a 
change has also place, but the essential difference between plants 
and animals lies in the production of new organs. In the ant* 
mal, a new artery or new lungs are not produced in the place 
of those which approach their period of ineflciency, but 19 
vegetaUes new vessels and new parts are continually produced 
instead of those which have become inactive. Between the 
hark and the wood is deposited every year a new layer of ori- 
gans, while the inner ones gradually die, and every spriiig a 
new foliage shoots forth instead of that which fell the precedr 
iog harvest. Hence the trunks of trees are often seen en^ 
tirely hollow, and yet bearing a fre^ and flourishing crowUi 
and with such decayed stems they may live for ^es. Tfai^ 
well known chestnut tree on Mount Etna called CasiOffno 
di cento cavalli^ because a hundred horses could stand undef 
its shade, has had from time iinmemorial so wide a perforation 
in its trunk tbat two carriages can be driven through it abreast, 
and a hut is built in the centre. It continues, however, still 
to be an object of admiration to the traveller.* The bolloMT 

• This is different from the account given of it by Brydone, in whose 
time it was divided into four large arms^ the junctiim of ivhieh was b6^eat& 
the 8inrface*-«nd the priest said that by actual digging he. bad f4mn4 thejir 
ttill formed one immense trunk underneath. See Brydoue's.Toa^r — also 
Library of Entertaining Knowledge on Forest Trees, 

Damory's oak in Dorsetshire is one of the most remarkable hollow trees* 
as it was also the largest oak of which mention is made. Its circumference 
was sixty- eight feet, and the cavity of it, which was sixteen feet long and 
twenty feet high, was about the time of the commonwealth used by an old 
man for the entertainment of travellers as an ale<-house. The dreadful storm 
in the third year of the last century shattered this majestic tree^ and in 176$ 
the last vestiges of it were sold for fire-wood. Thus in this hollow condi* 
tion it must have continued to live for at feast upwards of a century. The 
Boddtngton oak also, in the vale of Gloucester, was remarkable for the large 
cavity it contained. It was fifty-five feet in circumfi*rence at the base* 
The larger arms and branches were gone in 17fi3, and the hollow cavity 
was sixteen feet in its longest diameter, with the top formed into a regular 
dome; while the young twigs on tbe decayed top had small lehvei about 
the size of those of the hawthorn, and an abundant crop of aooms^ Tfafe 
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stem of the Maie b&obab tree ftlsiove-nieiiUODed flenret often 9M 
a lodging to several negtoe fatnilieB, or as a burnl place tern 
their dead, which are there changed into mutninieft. 

Vegetable life, therefore, ift not like that of anfmak, limited 
by itself, but, on the contrary, it has in itidf the germ of an 
Unceasing duration, since its essence undergoes an uncearing 
renovation. The causes of vegetable death are to befeund in 
external agents, — ^in the power of light to accelerate vegetation, 
and to change leaves into flowers,— -in the opposition of gravity 
to the ascent of the sap, which may finally overcome its organic 
force, — in the predominance of the vegetable mass over the 
producing leaves, — and lastly, in external violence, which their 
fixed growth prevents vegetables from escaping as animak may. 
Thus it is not impossible that there may be plants in which 
all the parts are so adapted, that the ext«mri can predominate 
over the internal parts as little in old age as in youth ; though 
in reality, a' triee is nearly at all times iKke young, since it 
Kves only in its young parts. ♦ 

' Nor are examples of old trees rare. The oak and Knden tXBB 
may attain to an age of 600 or 900 years, f The seven large 
eedar trees which still remained on Lebanon in 1787, when 
Labillardiere observed them, and which bad been previofidy 
observed and measured by Rauwolf in 1574, ThevelM IfiSS, 
Larque 1688, and Maundrdl 1696, calculated fVom the rate 
of growth of such trees in Europe, must have an age between 
1000 and 9000 years; and in the county of Surrey, in En^and, 
a Taxua is known so uncommonly thick, that it is toppowd to 
have stood from the time of Csesar. % 

hollow bad a door and one window^ and a little labour might have coDvert- 
cd tbe tree into acommodions and rather a apadoas room. — ^TaANSLAToa. 

* For more on this subject see Agardh'a Euai ds redwre la Phgtioi^ie 
V€g^aJU 4 de9 princifies fondameniaug, Lund. 1898. 

t When old, the^oak increiwep in sia^ very slowly. In Holt forest 
Hampshire, there was an oak which, at seven feet from the ground, was 
tfairty*ibur feetin circumferepce in 1759 ; and twenty years aiter, the eir^ 
eumferenee had not increased haffan inch, — Tkakslatoiu 

t A single individual of the Ficus Indica growing on the sea coast of 
Nerbudda occupies a space of 9000 feet in circumference, and can give abel- 
ter to 7000 men under its shadow. It is supposed to be the same tree de- 
scribed by Nearchus, in which case it cannot be leas than 8500 yeara old. 
Di Plott mentiona an oak at Keicot, under the shade of which 4374 men 
l^d sufficient room to stand.»TiiANaLAToa. 
Two of the nuKt remarkable trees in Europe fbr beauty and age, are 
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Kvtbei»ft^»it.beiiot improbahle^ that the baobab tree, the 
stem^of vhioh. attains to a diameter of thirty feat, or perhaps 
more, maj R«di an age of . upwards of 5000 years, then this 
giant of vegetatioQy-^his child of the young earth,— t-may give 
us no inconsiderable aid in* determining the true af^ of the 
earth^s present surface.. 

The baciiab grows only in Africa, the land of wonders and 
of fables, comprehending vast districts, into which neither the 
iron nor the civilisation of Europe has ever penetrated, and 
bearing woods still respected by the hand of man,-— still inluu 
fasted in peaceful fellowship by the elephant and the giraffe, 
which, foUowingthe instincts ofself-preservation, have long witb^ 
drawn from the presence of their superior enemy. It. is pos^ 
sible that baobab triees may have grown up in masses to us 
hitherto unknown— ^living monuments-bolder than the ruined 
pyramids, and. the abandmied sculptures of India. 

Such a land also is New Holland,— *a part of. the world of 
which we yet hardly know the sea coast. If so enormoua a 
tree as the EmcaliffMhM ^obuhiSf or the Eutassa heterophyUajc9Xk 
•glow on places which Europeans possess, it is probghle xbat 
still greater treies, and still older ones may be found in. the wood, 
to which neither they, nor perhaps the Aborigines haveeycr 
fcrced tlieir. way. 

^ But if such data may be of real use. to science, and certain 
enough ibr building upon them conclusions r^arding the 
nu»itmumage of the present vegetaUon of the earth, t,he me- 
thods we possess of reckoning the age of trees ought, to be 
placed beyond all dispute* and to receive the greatest posaible 
precision. 

These remarks serve fully to show, that it is of high int$^ 
rest to science to be able to calculate the age of trees, and tha;t 
every aid which makes that calculation more certain is not 
(mly a gain to natural sdence, but may become a gain also to 
natural history. 

If we examine the method by which Adanson obtained, h^ 
Tesidt rq;arding the age of the baobab, we shall find that it 

the palm trees of Cordova, concerning which, my friend Dr Bowring in- 
forms me that there stiH exists a moorish baUad with a Spanish version. — 
Translator. 



WHt Prof. JVgaidh on /M(T»/>tiim«'^ TrecM. 

cannot be suflSiciaitly pr^cdse, partly because thene are only 
few known pterins in the earies he adopts as a formula for his 
calculations, and partly because even these are not determined 
with sufficient accuracy. Another method, leading more 
surely to the same end, must thus be sought after as an im- 
portant pre-requisite to a scientific investigation. 

Such a method has been long known in the counting of the 
yearly rings in dicotyledonous trees. 

It has been found that in these trees a layer of wood is de^ 
posited every year between the bark and the wood, and that 
all these layers are distinctly separated by a deeper coloured 
ling. A tree^s age should in this way be determinable from 
the number of its coloured rings. Every one knows that 
when a tree is sawn crosswise, such drcles are observed, one 
beyond the other, with a margin between them. These are con- 
sidered as the yearly rings, one of which is formed every year 
the tree lives. This opinion is old, and was adc^ted by Lin- 
nseus. 

If we suppose a straight tall tree to be increased every year 
by one shoot in height, th^i for every new shoot there will 
arise a yearly ring, and the higher the tree, the less will become 
the yearly ring which accompanies its annual shoot. Only iu 
the root, then, should there be as many rings as the tree has 
years. These rings, therefore, have been represented as hol- 
low cones, placed one over the other, all having their base on 
the earth^s surface, and ending at the extremity of each year- 
ly shoot. 

This opinion involves many suppositions. The most im^ 
portant is, that every year one, and only one, ring is depositefl 
upon the mass of wood already formed. If this be not the 
case, the whole theory is groundless. 

This opinion, Professor Link of Berlin, one of the first phy- 
siologists of our time, has decidedly opposed in a prize essay, 
delivered to the Royal Society of Gottingen, and honoured by 
that body with their prize. He maintains that the wood of 
the stem increases not only by aft external lay^, but by an 
increase in the whole body of the wood.* This opinion, which 
he expressed in his prize essay, has been much criticized, es- 
* Link, Anat^ Gott. pp. 152, 163. 
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peciall J by Trevinimis, Mid he ba» therefore sought to explain' 
it in two later supplements,* in such a way as to bring it near*' 
er to the receive opinion. But even in his latest explanation, 
he denies that the yearly rings mark the yearly increase of the* 
wood.-t" -^^^ though Sprengel has also declared himself againstt 
the opinion of Link, still in his last reply he continues to per-- 
sist in it.;^ 

Duhamel also, the father of vegetable physiology, does not 
consider the yearly rings to be formed at once, but to consist 
of several smaller layers deposited during the whole year, 
though varying H^ith the seasons. Even Mirbel does not con* 
sider as certain the opinion that the number of rings is equial* 
^ith that of the years of the tree^s age. § 

Should we attempt to decide this controversy on physiolo* 
gical grounds, that decision must depend on the theory of the 
growth of trees, concerning which authtirs are still less agreed/ 
It is better to attempt by direct experiments, which cannot be 
difficult to make, to come to a sure and decisive result. These 
observations may be made in two ways. The one is by reckon- 
ing the number of rings in trees whose age is known,— -a me- 
thod which has been tried, and often cited by Linnaeus and- 
Secandolle. 

This method is liable to objection from the uncertainty which * 
will generally exist whether the tree whose age we investi-- 
gate is really the one planted at a given time, or another plant- 
ed in its stead at a later {)eriod. So soon as that time goes 
beyond one life, some uncertainty must always attend our ob- 
servations, and thus the conclusion be liable to dispute. 

The other method is to make an inscription in the wood of 
the tree, and to reckon the age of the layers that grow over it. 
If on examination the rings of wood deposited above an in:. 
scription should prove equal in number with the years that 

* Link, Nachtra^e, &c. Erstes heft. Gottiog. 1809» p. 44fo]j. Zweytes 
heft. Gott. 1812. p. 38 folj. 

+ Aber bezeichnendie Jnhrringe &ie jSkrlich anwacksende Schichtenf 
Dieses bezweifle ich gar sehr, Zweytes heft, p. 4. * ? 

j: Link, Kritische bemerkungvsu, Sprengels Werk Uber den Baw und die 
N^Ur de$ GewHekee. Halle, 1818. 
§ Elenu de Physiologie, p. 108. 
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bftT6 riapsed since it witt made, we thndd bavd olft4Mi# 
ffedt die tno8t conclunTe of alL 

It is of importance, tharefore^ in tlni «etpect» to procuat » 
nany and as certain data as possiUa f^gavding such ibscripr 
tions. This physioiogists have long ajipo ackaowiedged, aadr 
we find in consequence a gveat number of windi 4»bservationB^ 
Foageroux de Bondaroy, in the TraniocHona of the French^ 
Academy for 1777, (which I have not bad the fortune to «ae, 
ttBoe they are not to be found in our library,) has inserted two^ 
memoirs, in which is a collection of such inscriptions fimnd, 
deep in the wood of trees. la the CfOalogue of ike Liirairf 
^SirJoetph Banke^ vol. iii. p. S79, 380^ and in Rausch's lU^ 
periorium^ are found a list of writings cm this sutg^ot, whicb 
idsb mm not in die library of diis mtversi ty. In the Trammae- 
iht^^ike Swedish Jmdemy for 1771, Professor E« 6. Lid^ 
beck has insetted an account of some observatiMS made by 
Professer Laurall. In the PkUmopkietit TrmemeHmm toe 
H80, we remember having leai sbbm obaewationa 0^ thia. 
siribg^ by Secretary Kksa in BitttaAg, emi Sir Jolm Cktk, 
in Sdotlami^ but which we c ss iwst at present cdnsnlt, aiac& 
they are not in the library, aod m DecaadoUaV Qrgam^mfk^ 
are found still more obeorvatioBS ot tfana kind. A re^iinoo asui' 
oompariflon of all tb«m observa ria a s wonld ufldouteedly givis 
eiase for many interesting remarks. 

These iuscriptioiis in a scieptifle view magr ba dmded into 
two classes. The oae ineiudes those- which by tbeir grow^g 
into the tree prove the angle posiiioo, that new lay^Rsof 
wood Ate deposited on the $ur£seaof the old. This fiict now. 
hardly admits of dispute, and new examples can be nqoited 
only in consequence of Link^s oppontidn. Oae of the observai. 
tiohs to be found in the PkUoeopkieal TvumeaeUami is, that a 
deer^s horn bound with iron cramps was foimd in the centre of 
an oak. In the same way, in the sawing of a tree in the neigh- 
bourhood of liund, of about two feet in diameter, there was 
found a crooked spike sunk eight inches into the wood^ witb- 
out there being any external mark to show its presence. About 
durty-five yearly rings lay over the spike, so that, aocordingto 
diereoeivedtheory,it should havebegunto be covercdovendmoc 
thirty-five years before. This i^)eciaen is still in my ] 

4 




BoAof tbMe obMnottioM are move difBouU to expUo tliad 
tlie im^grmfibfig of an {naeription^ for the ioBcriptioo is ok 
iPiiiedever bjr Aala^of wwd wUeh is deposited rmrjF yeav 
bttSNicn the bailE and the irobd, b«t die deer^s hoim aad the 
IhmuI of the Mil have natural^ stood without the baric* Th^ 
oiify by the dreuoMtanees thai the bomwas 
wtb iroa onasps, and the nail was crooked. These 
therefore, were firmly fasteoed to a osttain point 
ar« eertaio fdaee in the inssricHr of the tree. Whilst the tree 
, tbereftit«, and tbe layers were dqwsited gcaduaUy 
nd farther out, it nust have happened dM^ these h^ 
JBes at hnt found themsel vet within the layers of wood, instead 
«f • beyond the bark* Around the nail there remains stili a 
man of baric, whiefa k earned abmg widi it into the interiot 
of the tree. 

AnsUs iusfjujl h ss a r ipliuu s also are net unworthy of ttaamk^ 
mssi wifcw proof Ihitt the new ky«n are dbpostted between the 
ImriB ssdi the wood. But thn proof is atoogethsr superAnaoK 
ibnoog the iiniiiplsu ns of this kind whidi have osbm to my^ 
hmnrleii^ tbtea am — e ^or two, onn e rrnin g whieh, for anethsr 
\ shall mdie an efaserratioii. Deonndoiie mendonsi 
Attaeahsi, in thn ysar \OSn^ found in a tree the ietto^ If 
iwcnoaanswrit; and that Adami, under niiieteen yearly 
Mers J. C» H. M. which was aatorally inter- 
I Oiiristns Hoonnom Mediatar. His ^c^MsevatiRii 
'is wMthy of little remark ; but die singniariljr is, that 
» fignres and ebaradm are found engpavod and 
§9rown into two pieces of wood preaerved in the- Museum of 
Lund. 

In tw«> 0f tbsae, wbieii evidendy go togedwr, and repsesest 
ImAisMsaofllminseription found at Asom orarOfreds>klos« 

ter, is seen the followiDg : .^^^"""^ And in a third, 

J H 

V«^ A notice in the catalogue of the mulseum in- 
ns diat these inscr ip ti ons belong to the*time of the 
which we obttdn some idea of their .meaning, and 
' shonid be Anind near a ruined clmster; Untmport^ 
ridl this may be, it has nevertheless a remarki^ Aim- 
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larky to observations I h«T« known made in Geribany, ind 
therefore T have not thought it proper to pass, them hy^ I will 
only add to this, that, in the PhUaaopbieal Transactian^^ is an 
observation, that in Hans Sloane^s collection wiis a piece of wood 
from the East India islands, with the following P<M*tugues^ 
inscription : DA BOA ORA— ^^^ (God) grant a good hour.^* 

It is evident that it is only by rare accident that such inscrip 
tions can be discovered after all external traces have vanished* 
Since, nevertheless, we have found so many similar religiotts 
inscriptions, more of which are coming to the knowledge of 
scientific men every day, they must be more common in the 
interior of trees than is generally supposed. 

The other respect in which these observations are important 
to science is, in case they can show that a separate layer is 
really deposited every year round the older wood, or that the 
yearly rings mark the tree's age. This they will prove so soon 
as we have certahi and unobjectionable observations, that a 
writing was engraved on a certain year, and that, when after 
a certain number of years it was again brought to Ught, the 
number of outer rings waa the same with that of the years 
which had elapsed. But on this point few direct observations 
have been made, and of those upon record only two have been 
made in Sweden. 

Professor Laurell, who is still in lively remembrance in the 
University of Lund for his peculiar and often singular opi-* 
nions, made an incomplete experiment of this kind. He made 
two inscriptions in 1748, in the wood of two separate beech 
trees. One of these was opened in 1764. In 1748 it was six. 
feet six inches, and in 1764 it was found to be six feet eleveii 
inches in circumference. The other was opened in 17C6. 
Both contained the inscriptions within their wood. The piecei^ 
of wood on which they had been inscribed were exhibited in 
the Academy of Sciences in Stockholm by Professor E. G. 
Lidbeck, and described in their Transactions for 1771. The 
one piece which had continued to grow eight years had eight 

■ *' In the Philosophical Transactions this is rendered Del CDeusJ bo^ 
nam horam'* I am informed by Dr Bowring, that the three words may- 
be either an idiomatical expression having this meamttj;, or that it may aig^-^ 
nify simply in bona hora, in a lucky hour. It probably implies nearly aa 
much as the Latin, Quodfelix faustumgue sH. 
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yearly rings round the inscription, and that which remained 
sixteen years had sixteen rings. 

This experiment should have been very decisive ; but Pro- 
fessor Lattrell, instead of cutting the inscription through the 
bark, first took off the bark and then made the inscription. 
One of these inscriptions was long 

Vivat Gustaf 

bkrifvit ar 1748 

da jag var 3 alnar 

ocb 1 quarter tjakk 

LL ♦ 

and made a large wound, which was difficult to heal, and 
caused several rings to be either wanting, or to be very incon^ 
siderable. Thus the true place of the inscription among the 
rings was rendered less certain. It becaipe, therefore, a mat- 
^ter of considerable interest to meet with an inscription, the 
place of which among the rings was sufficiently manifest. 
. Biahop Faxe has lately sent to the Museum of Lund two 
pieces of wood from a tree which grew near Helsingborg, and 
which during the sawing and ^leaving separated in such a 
way, that the inscription stands right on the one piece but re- 
versed on the other, like a plate and its impression. It is as 
fellows:-*- 

F. M. 

d..21 
J 

1817 
The inscription itself therefore informs us of the time whei^ 
it. was made. The tree was. felled in 1828. There oug)^t[» 
therefore, to be ten complete rings, if the common opiuion <M| 
this subject be correct. On examining the outer piece with a 
little attention, we see that the innermost ring must answer to 
the year 1817. Beyond this there are only nine rings ; but 
that which is nearest to the inscription is broad and brown 
ooloured, and must therefore denote two years, .which is also 
manifested bythe fact, that, beyond the inscription either to the 
right or left, it divides into two distinct, layers. It is cuiripas 

* Written in the year 1748, when I was three ells and ore quarter thick. 



HO Pftdf.CAgBrdii od Inuriptiom m Uikmg Treef; * 

to see the uoiqaai] breadth, of the riogs^ The outenaost, or 
that which lies nearest the bork^ being the formation for • 

1827, is =? L8 lines. 

The second for - 1836, is s: 0.9 

third - - 18«$,i8=l.9 

fourth * ^ 18«4, is = 1.6 

fifth - - 1828, is = 2,0 

sixth . - 1822, is = 2.0 

seventh - - 1821, is = 2.0 

eighth . - 1820, is == 2.0 

ninth 1819 and 1818, is = 2.0 



Entire thickness = 15.5, or 1^ i 

When we know the place where aucfa a tf«e bat been felled, 
we can compare the breadth of ibeae yearly rings with the na- 
ture of the seasons in which they have been deported. If we 
are not mistaken in the years, 1824 and 18S6 should have 
been least favourable to vegetation. This in 1826 ean be as- 
cribed to the great drought which during that year had sack 
an influence on the growth of plants. 

Another circumstance worthy of remark is, that the tree 
deft in such a way, that one-half of the inscription was found 
on the outer, and the other half on the inner piece of wood. 
This seems at first sight to confirm the opinion maintained by 
many celebrated physiologists, — Malpighi, Mirbel, Treviranus, 
-*^hat the inner layer c^ the bark js,cbanged into wood, since we 
might suppose that the portion of the inscription in the outer 
piece is that which passed through this layer. But we soon 
find that the mark in the outer piece is not derived niexely 
from the inner layer, but from a portion of the whole bark» 
which, in consequence of the cutting, became a dead substance^ 
and therefore did not partake in the changes of the rest of the 
bark, but adhered to the wood like a foieign body. The im 
tier inscription is also of an entirely dtflerent nature from the 
outer one. The soar itself ^ipeara there more distmctly, and 
the wood around it has only become brown. But in the outei^ 
layer with the vest of the inscription the leltera ace iodistincW 
black, as if burnt, or consisting of a coal-like substance. We 
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can, therefore/ drtiw tko other conelutioo than that the naw, 
layers of wdod not onbf wergrow the inscription in the wood, 
but that the bark also remaining attached as a dead mass waa 
in like manner overgrown by the wood. If the outer piece be 
sawn across the inscription, we find traces of the writing for a 
considerable distance towards the bark. Near the letters it is 
still black and hollow ; but at last there appears only a dark 
line, which is prolonged to the very bark, on which are some 
slight protuberances opposite to the inscription^ as if it had 
'still a kind of connection with the letters so far within. It 
.biay also be remarked, that in this, as in the other similar spe- 
cimens I have seen, the two surfaces do not seem to have 
grown together. They have separated, as if of their own ac- 
cord,— -the reason probably of their being so often discovered. 
But the two surfaces are smooth and perfectly fitted to each 
other, so that every little prominence in the inner has a corre- 
sponding depression in the outer, as is the case with the exter- 
nal layer of wood and the bark. 

The conclusions to be drawn from these Iremarks are the 
following. 

1^. That a ring of fresh wood is deposited every year around 
die layers of wood which are already formed. 

1t\ Inscriptions may remain unchanged for ages after they 
are once grown over, and perish only with the substance of 
the tree. 

8^. They do not become indistinct by length of time, but 
remain as distinct -after many hundred years as at the end of 
the second. 

The practical results are not leiss interating. 

l^ Yearly rings, if it be once established that they marfc 
the age of the tree, may lead us to important data respecting 
the age of vegetation upon our earth, since there are trees 
-which have been supposed, with probability, to have the same 
age as is commonly assigned to our eivth. By counting the 
yearly rings in such trees, we sh^ be able, with some degree 
of c^tainty, to determine their age, and thus also the mini, 
mum' age of the present surface of the earth. 

V, It is possible that by inscriptions on trees informatiohi 
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may be handed down to posterity in a more imperisbable way 
than by stone or brass. An oak can preserve an inscripUon 
for. 500> a baobab for 4000 years or upwards. 



Note* — The oak is generally supposed to live 1000 years. 
(Evelyn, SUva.) In a poem by the Emperor of China, of which 
a translation was published at Paris in 1770» under the title 
pf Eloge de Moukdeny a tree is spoken of which in that country 
lives more than a hundred ages, and another, which at the 
end of eighty ages is only in its prime. The commentators 
on this passage quote authority to prove that the last men- 
tioned, '^ the immortal tree,''" is only in its prime at the age of 
10,000 years. {Chou King^ preface by M. de Guignes.) These 
fabulous accounts are worthy of credit, in so far as they show 
the existence of trees probably unknown to us, which grow to 
an age beyond the date of all other i^cprds. 

Exclusive of physiological considerations, the only practi- 
cal benefit to be derived from investigations into the age of 
such ancient trees would be to geology. The value of the in- 
formation to this science would depend upon the nature of 
the formation on which they grew. Growing on primitive 
mountains they would be less valuable, but a tree of one, two, 
or three thousand years old, growing upon a newer sandstone 
rock, or above a coal formation^ or in any similar position 
in regard to the later strata, would give us a minimum of age 
&r these formations which could not fail to be highly valuable 
as a datum for calculating the absolute age^ not merely of the 
local deposits but of similar deposits, in the other parts of the 
globe. In New Holland, where such trees are found, and 
where strata of all relative ages have already been met with, 
very interesting observations of this nature may hereafter be 
made-— and travelling geologists may, in other countries, obtaiii 
from trees much less ancient, information of no little import- 
ance regarding the date of volcanic eruptions and of the more 
xecent alluvial deposits.*— Tbakslator. 

In connection with this subject, I add the following extract, 
which is both interesting ip itself and as occurring in an Edin.* 
burgh weekly magajsine, dated 4th July 177,1« 

** It is obvious, that at every place where a branch grows 
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from the ti^unk of a tree, there must be a knot in the wood 
which will extend the whole way from the centre to the circum* 
ference, however great the diameter of die tree may be, if the 
branch was on it when the tree was felled. But if a branch 
be cut from a tree while it is growing, the stump from that 
time ceases to advance in size, and as the diameter of the tree 
continues to increase, the cortical fibres gradually cover the 
wood — it is soon healed up — the bark of that place becomes 
smooth, and the rings of wood are formed with as great regu* 
larity above the old stump as in any other part of the tree ; 
so that when this is afterwards sawn into planks, there will be 
found at every «uch place a knot in the heart of the wood^ 
which will extend to the same distance from the centre of the 
tree as was its semidiameter when the branch was cut: but 
beyond that to the circumference, will be unifcNrm and free 
from knot or blemish of any kind whatever.^ 

The fact here explained, is precisely similar to the ingromi* 
ing of insertions, and might be turned to the same account.-— 
Translator. 



Astr. XII.-— JVb/^ on a Ph^siologioal phefwnumon produced by 
JEleciricifyf. By Dr Ex. Mabianini, Professor of Natural 
Philosophy at Venice. * 

In my memmr on the shock experienced by frogs at the in* 
stant when they cease to form the arc of communication be^ 
tween the poles of an electrometer, (see this Journal^ No. ii^ 
New Series, p.^S86,) I pointed out the difference which exists 
between the contractions produced by the immediate action of 
electricity upon the muscles, uid which I called idtoptUhic ae» 
MoiM, and those which proceeded from the action which elec- 
tricity itself exerciaes on the nerves,, which preside over the 
motions of the muscles, and which I have named sympathetic 
eontractUms. This difference consists in this, that the idiope^ 
iMc contractions take {dace whatever be the direction in which 
the electric current traverses the muscles, wfadlst the sympa^ 

• Translated from the BibL Universelle, December 18!^9, p. 287. 
NEW SERIES, VOL. III. NO. I.' JULY 1830. H 



fii^iic ooMrActions.take place only vheD the oiirtwtti.wbiehttnu 
verses the nerves is in the direction of their ramificatton. 

According to this distincticoi we may immediately .deduee 
theprineiple^ that when an electric current traverses any mem^ 
ber of an animal^ the two shocks will take place instantaneously 
if the electricity follows the direction of the nerves ; and the 
idiopathic contraction will alone take place if the electricity 
travels in an opposite direction. The contractions ought con- 
scquenitly to be stronger in the first case than the second, — a 
result which is confirmed by experiment. 

If we put the right hand in communication with the positive 
pole of a galvanic bs^tery, and the left hand with the negative 
pole, and if the two communications are established so that the 
current passes with the aame facility on both sides, we shall 
feel every Ume that the circuit is closed a contraction in. the 
two arms, but it is stronger in the left arm than in the right. 
If we make the current pass in the opposite direction, the right 
arm will, on the contrary, experience a more powerful co&trae* 
tion than the left. 

If we make one hand communicate with the positive pole, 
and if the negative pole is in contact with one of the feet, the 
electricity passes through the nerves in the direction of th^ 
tmmification in the leg, and not in the arm. Cctosequently, 
the contraction is much stronger in the leg, where it is both niso- 
pathic and 8ympathetic^ than it is in the arm where it is only 
fdiopathie. The same thing takes place when the eleetsicitjt 
passes from the shoulder to the hand, from «me foot to another^ 
and from the thigh to the foot, bt. 

This difference in the strength of the shodu aoeoxdiagas th^ 
current goes in one direction or in the other, isgoeater in^somi^ 
individuals (particularly in' paralytic persons) than in othei& 
I have observed, in electrifying a man struck with hemipUgi^ 
that, in making the currast nl a battery ef eighty pairs pass 
from the hand (o the shoulder, the museles ef the arm soaroely 
experienced a perceptible contraction, ut the same place wheie 
tbey experienced a very paverful one if the current passed 
tfom the shoiulder to the hand. 

In some individuals affected with parofl^gia^ I have ob- 
served that this difference of cootractipn did not take place in 



s Iknb. A womm who bud lost th^ u^ of li^ lonr^r extre^ 
nuties, and of the pofif«r of exlendii^ tbem, in oo^sequ^noe pf 
AH iiiflamnwtionin ih^ s^nal narrow, fi^i her kft foot <;DatnM:t 
vidi more force when H communicate with the a&gatiy^ poi^ 
of a baieery ; but tbe rigbi foot alw»y$ <MHItF«ct0d with tb« 
SfeOie force with wllalerer pob it wa9 p^t in pommunicati^Q^ 
This phenomenon appeared ta arif»e from tbe right vc^mber hav4. 
ii^ lost the power c^ expfrtenctng tbe sympathetic shock, a 
kiss whkh otigkt be owing to a diminution of ausoeptibiUty ir 
the nerves, to feel the effect of an electric current which trar 
verses them in the direction of their ramification. 

If we immerse a finger up to the second phalanx in a cup of 
nMer ib which is plunged the posh^^« pole of a bakery of 
from twelHy^ve to thirty pairs, and if we complete the circuit 
bf Conefaing the negative pole with a cyUnder held in tbe other 
hand and equally wetted, we shall experience in the fin^r a 
shock which extends only to the second phalanx. If we re- 
verse the direction of the currfent, we «baU feel tbe shock up 
to the third phalanx. What appears to me the more remeatk^ 
able in this experiment, is, that by paying attention to the na^ 
ture of these shocks, we shall feel that the^^l is more eafternaly 
and acoompanied with a certain sensation which is even a ikde 
painfbl, while the second is more deep^ and is followed with 
no sensation at the })lace where the finger touches the water. 
I experienced so distinctly the effects of the two cuir^its with 
the ring finger of t^e left band, thtit I am conjdent it catinojt 
be the effect of an illusioti produced bjr the antidpation of it; 
I am of opinion then, that when the finger touches the negative 
pole the contraction is stronger, because th^ idiopa^ic iitid the 
^jympa^Aer^lr shock take place at t^e i^me time; and tliaft whim 
the finger is at the positive pde, the shock is weaker and ac- 
companied with a sensation, because the portion of eleec^ity 
which follows the direction of tbe nervefs, goes in a dii^e^tioil 
opposite to their ramification. Hence, in place of producfing 
a dibck, it gives rise to a sensatioii,^<-^ah explanatiob ^i^ is 
conformable to what has been dcimonstrated in the niemoir al- 
ready referrtd' to. ' . - 

In nisi^wg two metallic cylinders covered with lint, wetted, 
and communicating with the poles of a battery of thirty or 
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forty pairs, moderiately active, we experience, beside shocks 
every time that the circuit is closed, a particular sensation in 
the palm, which communicates with the positive pole. I have 
observed this sensation in a distinct manner in some individuals 
very sensible to the effect of electricity. They felt it to be the 
same with that trembling which is often felt in the hands or 
feet when the nerves have been for some time compressed. 

It seems to me that it may be of some use to study these 
facts more profoundly, by submitting to the action of a' voltaic 
current persons in a state of disease. 



Art. XIII. — On the Influence of the direction of Winds on ih$ 
Electricity which accompanies the condensation of aqueous 
vapours in the , atmosphere. By Professor ScHirBLEie^ 

' Tubingen. * 

The inquiries which I have made respecting the periodical 
dianges of the direction of winds, and their relations to the 
other phenomena of our atmosphere, led me to examine, with 
more attention, and under this particular point of view, my 
fcMrmer observations on the electricity of atmospheric precipi- 
tations. My principal object was to determine the electricity 
of the rain or snow which had fallen duripg thirty months. 
The first set of observaticms was made during sixteen months 
(from January 1805 to April 1806) at Elvanguen, and the 
second at Stuttgard during fourteen months, (from June 1810 
to August 1811.) EUvanguen is situated 1331 feet above 
the level of the sea, in 48° BT 26" of north lat. and £7° 48^ 
east long. Stuttgard is situated 847 feet above the level of 
the sea, in 48° 46' 32" north lat. and 26° SO' 88" of east lobg. 
During this space of thirty months I kept account of 412 at- 
mospheric precipitations. The examination of the first series 
of these observations led me to notice a certain order in the 
phenomena, the regularity of which became still more sensible 
by taking into account all the observations. 

As the appreciation of the electricity of atmospheric precis 

* Jahrhuch der Chemie and Physik, 1S29. Heft. 3, and BibL Uhivers. 
Nov. lS«d, p. 203. 
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pitaticms presents several difficulties which are not met with in 
observations which may be made without meteorological in- 
struments with scales more simple and more fixed, I ought to 
say a kvf words on the manner in which I obtained my re- 
sults. It often happens, particularly when the rain is tempo- 
rary, or proceeds from a storm, or when a very minute snow 
falls, that the nature of the electricity varies several times; 
whilst, in other circumstances, it does not vary in its intensity, 
its nature remaining the same during entire days. We should, 
therefore, obtain a very inaccurate result respecting the inten- 
sity of atmospheric electricity, if we subtracted the observed 
degrees of positive electricity from those of negative electri- 
city, as is done in determining the mean temperature from the 
degrees of heat and cold. I therefore kept a separate account 
of the degrees of positive and those of negative electricity. 
When the opposite electricities alternated, I added separately 
the degrees observed and corresponding to the precipitations, 
whether positive or negative, and if there was a preponderance 
of one of the two electrical principles, T kept a proportion, 
al account. When an atmospherical precipitation gave signs 
only of one electricity, but without a variable intensity, I took 
only into account the greatest intensity which I had observed. 
During most rains the electrometer is indeed in a constant 
itate of vacillaticm, which depends on the density, the unifor- 
mity, and the greater or less continuity with which the rains 
fall on the surface of the ^ound. When a storm approaches, 
the electricity sometimes becomes too intense to be measured, 
so that I have never pushed the observations beyond the 
600dth degree of the electrometer of Volta. It is by means 
of this electrometer, with straws and a simple condenser, that I 
made all my observations, employing the same scale which I 
had formerly used to obtain the numerous results which I 
have already published. 

The following table contains the results of my observa- 
tions ; 
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No. of precipi- 


tive to negative 


MeaB inteu- Mean in- 


tations. 


precipitatidni. 


sity 


tensity. 


Winds. Pot. eke. 


Vtg. 




Peri'. 


Neg*. 






eke. 




tive. 


tive. 




N. 12 


11 


100: 91 


131 


99 


116 


N. E. 11 


la 


100:109 


105 


132 


120 


E. 3 


5 


100 : 166 


15 


13 


13 


^. E. 4 


7 


100 : 175 


19 


10 


13 


6. 6 


13 


100:260 


• 26 


23 


24 


g. W. '28 


65 


100:232 


66 


33 


44 


W. 73 


106 


100:145 


75 


39 


43 


N. W. 85 


32 


100:128 


31 


46 


40 


3. North Winds, 48 


37 


100:114 


74 


75 


75 


3 South Winds, 87 


85 


100:280 


57 


26 


39 


3. West Winds, 126 


203 


100 : 161 


57 


38 


48 


3. :past Winds 18 


24 


100 : 133 


71 


72 


72 


AU the Winds, 161 


251 


100 : 155 


69 


43 


53 



Prom this table we may draw the following conclusions : 
1. The ratio of the positive to the negative precipitations 
follows a I'egular variation, setting out from the north or south 
wind, and proceeding either by the cast dr by the west winds. 
% By the north wind the positive precipitations are a lit* 
tie more frequent than the negative ones. By the south wind, 
on the contrary, the negative ones are more than douldle of the 
positive ones. 

3. Th^ number of negative precipitations is by the three 
south winds double of what it is by three north winds. The 
ratio is 114:230. 

4. The east and west winds give a mean result in this re- 
spect. The former, however, approach more to those of the 
Borth, and the latter to those of the south. The electricity, 
mdeed, is more frequently negative by the three west windd 
than bv the three east winds in the ratio of 161 to 183. 

5. The total electricity of the precipitations is more fre- 
quently negative than positive in the ratio of 155 : 100. 

6. The mean intensity, on the contrary, of the positive 
electricity, is more considerable than that of the negative in 
the ratio of 69 : 48. 
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7. The mean inteitotty of the electricHy, abstraction being 
made of its nature, is strongest by the three north winds, and 
partienkrly by north east and the north. 

8. The electricity is at an average more weak by the three 
south winds. Its intensity by these three winds is greater 
than by the three north winds in the ratio of 89 : 76. 

9. By the three east winds is stronger than by the three 
west winds in the ratio of 7S - 48. 

10. The mean intensity of the electricity of all the precijn- 
tations, whether positive or negative, observed in all the direc- 
tions of the wind, is almost the same as that of the electricity 
of the precipitations observed during the west winds alone. 

11. It is during the north and the east winds that the op- 
posite electricities are shown in the most distinct manner, and 
with an intensity almost equal. The west, and particularly 
the south, present, on the contrary, a weaker negative electri- 
city, but a greater number of negative precipitations. 

IS. The greatest number of electric precipitations takes 
place in north winds, and the smallest number in east winds. 
We obtain from the mean direction of the wind during the 
whole of the observed precipitations 86''.9 by making use of 
the formula of Lambert, in which the south is marked by 0% 
the west by 90", the north by 180% and the east by 270^; 
The number 86° 9 corresponds in direction to the west with 
liemr degrees of declination towards the south west. 

I shall now add a few words on the cause of the differaices' 
in the electricity of atmospherical precipitations according to 
the directions of the winds. 

At the instant of the precipitation of the vapours contained 
in the atmosphere, positive electricity seems to be first deve- 
loped, and the negative appears to proceed often from the in- 
Huence of the first. The precipitations which first take place, 
whether storm or temporary rain and snows, are commonly 
poiAtive, and are soon followed by negative electricity of near- 
ly equal intensity. This alternation often takes place several 
times, while, on the other hand, we see the drops of rain, hail, 
libar<.frt)st, or flakes of snow vary every instant in their size, 
their density, and their continuity. At the termination, the 
density becomes weaker and weakar, and finally remains nega^- 
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tive ; sometimes after tbe storm a shower falls, whidi possesses 
negative electricity. 

It is not common, however, to see rains which fall regularlj 
and continuously, show, from their commencement and during 
several days, only negative electricity. This fact, joined , to 
the weak intensity which this species of electricity generally 
possesses, seems favourable to the opinion that it is most fre- 
quently owing to the partial evaporation which drops of rain 
experience during their fall. These drops form a species of 
evaporable base, which becomes negative by the very circum'» 
stance of the evaporation. This explanation seems to be con- 
firmed by the observation of a fact which is owing probably 
to the same cause, viz. the strong electricity of the fine 
aqueous spray which occurs at the foot of cascades, and which is 
sometimes so strong near great cascades that the electrometer 
divei^es more than 100% as I have had occamon frequently to 
observe in the cataracts of Switzerland. 

This explanation agrees also with the greater frequency of 
negative showers by aouth winds, and of positi^ ones by noHh 
winds. A current of warmer air, and one consequently more 
light and more elevated, in the first case ought to facilitate the 
evaporation of drops of rain during their fall ; while, by the 
colder north wind, which is heavier and nearer the surface of 
the earthy the clouds have in general a lower position, and the 
evaporation of the drops of rain is less easy and almost no- 
thing. 

It follows, also, from the preceding observations, that we 
should be often wrong in inferring from the n^ative electricity 
of rain the negative electric state of the cloud from which the 
rain proceeds ; for it may happen, that, coming from clouds 
slightly positive, it becomes negative during its fall by the 
partial evaporation of its drops. This I have been able to 
verify by direct observation in a journey which I made in the 
Alps. Being upon the Righi on the 10th and 11th July at a 
height of 5140 feet above the sea, I founds by sixteen obser* 
vations made at different times of the day, that the rain which 
fell during two days was constantly negative ; but as soon a^ 
the rain ceased a little, the clouds themselv^ wkb which I 
was. surrounded, were charged with positive electricity. The 
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great uitensUy of tbe eldetricity^ the distinct maoaer in whidi 
the two electric principles alternately predominate during north 
and east winds, seems to arise principally from the dryness 
which exists in tbe strata of air, while the whole of these wmjds 
reign in the atmosphere ; to which we must add the sitaatioo 
of the clouds, brought by the force of these winds near the 
surface of the. earth, and the electricity of which may then 
naturally exal on our instruments a perceptible influence. 



Art.XIV — Abstracts^ with occaakmai remarks^ froma Memoir 
regarding the Human Bones and objects of Human Fabrica^ 
tiofi discovered in soHd bedsy or in aUuviumy ar^d upon 
the epoch of their deposition^ By M. Mabc^il de Sehiisis, 
Professor of Mineralogy and of Geology to the Faculty of 
Sciences of Montpellier.* 

In this article we propose to make some abstracts, of the first 
importance to geologists, from a very interesting memoir of 
M. de Serres, published in his Geognosy of the Tertiary de- 
posits of the South of France, on the human bones recently 
discovered in the caves of France. But before giving them^ 
it will be necessary to state certain of the writer^s views on 
questions which have of late years distracted the minds and 
embarrassed the views of almost every geologist 

M. de Serres is inclined, more perhaps than any of the other 
of the continental geologists, to adopt the views of Dr Buck- 
land, as explained by him in his Reliquice DUuviance* But 
be proposes such qualifications to the doctrine, as we think 
can scarcely be acceptable to those who wish to see in the / 
phenomena pointed out. by our English geologist, traces, not 
of a partial, but of an universal deluge. 

After speaking of two great causes which have modified the 
surface of theglobe, viz. the diminution or change of its tem- 
perature,, and the retreat of the seas, in the last of which he 
leans to the well known opinion of Deluc, the writer proceeds 
to mention a third modifying cause,, which is that of the irtup^ 

* From the " Geognosie des Terraines Tertiaires, (Sfc. S^c. du Midi de la 
Ffance/' recently pabliBhed by M. de S^res. 
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tietlfiaiid inundations of the sea'. These' he siipposes to have 
operated- in general in very restrained Kmtts, with the eiccep^ 
fioft, . however, of the great inundation, the remembrance of 
which is preserved among all people, to which he attributes 
tfie dispersion of ^e boulders, often considerable, of primitive 
fbey, Very fat from their origin, and the transport of the di- 
iumum Up6n a considerable part of the surface of the earth. 
But it is added by the French geologist, ** this dispersion, 
although taking place in a manner su£Sciently general, has 
operated, however, with the greatest irregularity, if we may 
judge from the unequal distribution of the mud, of the gravel, 
and of the boulders of rocks which are the result of it.*" Nor 
as far ad w'e can yet learn, from perusing his views, which are 
e!sceedingly complicated, is he disposed to think that this ca- 
tastrophe was in a general manner destructive to the vegetables 
and terrestrial animals of Europe. But we shall reserve a 
consideration of his views on this subject for another occasion^ 
reserving this article of our Journal for the more useful pur- 
pose of giving a detail of facts, rather than solving theories. 
At the same time, We cannot omit this opportunity of mention- 
ing our regret that the theoretical word DUuvium has been 
introduced in geological language, to which every geologist 
who has employed the term has given his own peculiar defini- 
tion. M. de Serres uses it often in his memoir, but evidently 
with embarrassment. ** The word diluvium,* he observes, 
" which Dr Buckland was the first to propose, indicates the 
displaced and transported materials, or the effects of the great 
inundation which has submerged a portion of our continents ; 
while by alluvium we have been desirous to indicate land, 
gained by the materials transported by rivers (terrains d*att6- 
rissemens), or land removed since historic times. But all 
the di£Bculty consists in knowing where the one stops or the 
Other begins.'' 

These introductory observations we have conceived it proper 
to m&ke, in order that our readers may correctly appreciate 
th^ weight which the author' attaches to the word DUuvium^ 
whenever he thinks proper to make use of the term. 

The caverns in which human bones have been discovered in 
3 
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Vraneei «rt ia mimber three ; naodj, of Biae^ oL FondiMi, 
aod of Souvigiiargues* Tbeae will be detoribed in order. 



!>• 



1. Caverns of Bhe^ in th^ Department of Aude* 

[It may be proper to premiee, that of tbe btmaii banea^ 
found in the cavern of Bize, M. de Serres gave an acooont 
to tbe Society of Natural History of PariB, of which a notioe. 
was publiahed ; but having changed his views, in cohsequenoe 
of a subsequent revisit to the site, the following may be consi*^ 
dered as his corrected narrative*] 

Upon visiting for the first time, the caverns contaimng bones 
4t Biae^ human remains were discovered fixed to the rock, and 
to the roof of the caverns, with other bones and knd^sheUa ; 
tbe whole eohering by means (tf a stalagotitic calcareous ce« 
mcot more or less indurated. Although these bones were in the* 
same calcareous and stony concretions, as those of tbe different 
mammalia with which they were associated^ I considered, by 
reason of the small number which I discovered of them, and 
of their state of preservation, (these bones baving lost only in 
part their animal substance,) that they might have been entai^. 
led there in an accidental manner, and that they were not of 
tbe same date as the other remains of the animals with which' 
they were mixed 

Since this time, M. Tounud of Narbonne, who is as aealous< 
as he isenligbtened, has discovered in the Same caverns of Biae^ 
other humm bones, not only in the calcareous concretions, or 
the osseous breccia fixed to the roof or to the walls of these 
cavities, but also in the midst of the black mud, which ia 
found the most frequently above tbe red mud in which bones 
equally exist. Along with these bones he has observed huma^* 
teeth, marine and land shells of our own epoch, as well aa 
fragments of earthen tfsre. The teeth which we have eoniK. 
pared, ret^mble the first moliu*, and, like those of the otbot 
animals which are mixed with them, we perceive that they pre^ 
serve their enameL But what they have peculiar to them isy 
—the roots are so much changed as to adhere firmly to the 
tongue. 

The fragments of pottery jumbled together in the same mud 
in which human bones, as well as the debris of terrestrial mam- 
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maKa of extinct spectea exist, do notiannounoe a very perfect 
state. of the arts; for certain of th^n had not been baked in 
any furnaces constructed for this purpose. Some had been 
fabricated from clays, which had not previously been washed, 
whilst others, in short, indicated potteries still more coarse. 
Among the number of fragments collected by M. Tournal, 
some were covered over upon one of their sides with a very 
fine blackish dust, as if the earth of which they are wrought 
bad been exposed to the action of fire and. smoke. These 
earthen-vessels, totally bruised and fractured, were no less 
shivered than the bones with which they were mingled. The 
distinctness of their forms is too great to lead us. to suppose, 
that the fragments of them had been dragged along* or con«. 
veyed from a distance by waters, which had for a long time 
exercised an action upon the substance which composed them. 
This action has been sufficiently violent to shiver these earthy, 
vessels, .but not enoi^h to blunt their forms, or to round their 
angles. 

Tlie land and sea shells, which we find mixed with, bones 
and fragments of pottery, may be all referred to species like 
those which we have at present. Among the former, the C^- 
doskjma elegans^ the Btdimu8- decollaiua, and the Hdixne^ 
moraUs and nitida are the most common ; as in the instance of 
the caverns cc»itaining bones at Lunel-^Viel. These land shells 
still preserve, in part, their colours, as well as the marine species 
which are associated with them, and among which we maydis- 
tinguish the Pecten JacobasiM, the. MytUus edulisy and the 
NoHca miUepunctata, * 

The mud and the osseous breccia in which these shells, 
these earthen fragma:its, and tbese human bones are discovered, > 
enclose also terrestrial mammalia, which appear to be extinct 
races, and others which do not at present exist, in our country. 
Among theextinct races may be remarked a species of Cervus, of 
the subgenus Anoglochis, which, like. the. Chevreuil, has the. 
first antler remote from the crown. And. as the individuals re- 

* Although Lamarck cites this Natica as particular to tlie Indian ocean 
and to the coasts of Madagascar, it Is, however, very common upon all the 
shores of the Medtterranesn. 
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ferable to the Anogloehb, which exist in the cavenis of Bize, 
are of a size which surpass that of the oommoii slag, the ex- 
tended wood of which haye a distinct flattening, it is impossible 
not to regard the race as extinct, since the chevreuil is, in the 
present creation, the only Cervus the first antler of which is 
apart from the crown, or the only living Anoglocbis. * This 
chevreuil, remarkable for the form of bis wood, his size, and 
the differences which he exhibits when compared with all the 
species of known stags, whether living or fossil, has been named 
Capreolus Toumaiii by M. de Christol, in honour of the geo^ 
logist to whom the discovery of the caverns of Bize is due. 
With this great Capreolus, or Anoglochis, another description 
of them has been discov^ed, as well as one of the tiue cervus; 
neither of them, however, a|q»earingto have any r^resentative 
among our actual races. M. de Christol has given them the 
name of Capreolus Lufrojfi^ and Cervus RebouHi^ — species 
which we shall describe in the work which we are preparing 
in concert with M. Toumal upon these cavenis. 
^ And again, along with these chevreuils and cervi of lost 
^cies, have been discovered the bones of bears which belong 
to races considered up to the present day as antediluvian, 
since they resemble the Ureua Ardeideus of M. Cuvier; a 
species which has only been observed' in the fossil state. 

Among the terrestrial mammalia which do not live any 
longer in our country, and the remains of which may be obu 
served'in the caverns of Bize, wc shall particularly notice the 
Aurochs (Bo9 Urm) formerly common in the forests pf Gt^- 
many, and which has gradually retired into Lithuania, where 
it is found at the present day, according to the learned zoolo^. 
gist Bojanus, in some measure concentrated in tbe forest of 
Bialowiez. f 

* M. De Serres has recommended in a note, that the name of Capreolus 
be reserved for Cervi, the first antler of which is apart from the crown, 
and to limit that of Cervus to such cervi who have the first antler contigu- 
ous to the crown. 

t De uro nostr^te cgusque selecto Comroentatio, H. Bojanus. {Nova 
Acta Fhys. Med. Acad* Nat Curios, torn. xiii. S part, page 411.) 



li "w^s kQown thfftt the cftveras of LuneUViai indole a greac 
Dumber of animals coondered up to the pnosetit dtijr as tole- 
diluyiao, but we were igoermt tb«t ihe eaverus of Poadw^ 
«nd Souvigiiargue9» situaited two leagues to the uorthmaal id 
tibe former^ and which contaia nearly the aame qnieief ^ diow«- 
«d at the same time, as M. de Chtriatcd has prored* humihi 
bones atvl eartbern fragments confounded and missd irilh the 
rematnaof the rhiooceros, of the bear^ of the hyanat and of se^ 
veral other terrestrial mamm^ia* 

These jcavenisi which 9tiit both opeAed out in lihe Cakmrls 
MCfiUcmf are founds like thoee of Lunel^Viel. nt but a little eto- 
vation aboire the Mediterranean, since M. dn Christol supposes 
that their level is only supericHr to that of the Mft about fifteen 
to eighteen meu«s. Thatch Foodresy srhieb is/mly half a 
league frpm the cainsrn of Souvignorguas, ia eituated upon the 
declivity of a small hill, wheie the Cahdir^ fhoelbm is quarried 
for freestone. It was » itrorbusg diis quarry that an iqierture 
wee disco¥ered, the height of which was about, thfee metres 
by one itetre in boeadtfa^ which a|»ertufe was entirely obrtnict? 
,ed by an alluvial deposit, oonsiating of earth and »ud» wfaieb 
aeemed. Co ctmceal a cavern more, or less spaeions. 

This cavity wna entirely fiUed.wj^ alluvial mud^ aMaular to 
ihat which fiUed in part Uie oavertia oi LaneUViel^ and it 
was imposaiUe to penetrate it without this aiahatanee being ler 
moved* This circumstmibe is the mere jremarkaUe, skioe k 
.shows that the cavern of Pondrea has been blocked up at oife 
Umer and not afi diflPerent times, as we might be led to stipf 
poee.an the caae.of caverns, the aoceas of which li fnee mid 
easy*. This aUiurial depoab or diiimnm\» less red and leas 
tenacious than the clammy mud which holds an inferior situa- 
tion at Lunel-Viel, and it acquires everywhere the solidity of 
tufa. There may be observed in it some pebbles of a fresh 
water ulex, and of Jurassick limestone, along with angular and 
very large fragments of the Caicaire modlon. 

The bones, which are disseminated in it ait ail heights, ap- 
pear, however, in greater number iii the middle than in the 
superior parts. Although this occurrence is very general, 
M. de Christol has, however, discovered in the highest part 



txf thedilutmin^ thett is to say, ianociduitdj under tbe roof, at 
a.depdi of t£D to twsltre GentinietRB» et the most, a cubitug of 
the hyena, a caranous .bone of the aanicba, seT^ral bOD^s of 
the cenrusy at well as a great nuniber of dsseous fragffletttK 
appearing to bear tke marks of the fopoe of teeth. 

Tbe primttive soil of tbe oairern, that wbieb the dUuvium 
has ooTered over, is finrmed by a sandy and tufaoeoutr cemient, 
jpcoeeedittg probably from die deoompodtion of the CahdAi^ 
nweUon. This substance is not more than thirty-two to thtrt^^ 
four centimetres thick. It has beooaie indurated by ike re- 
mains of the bones and of the triturated Mbum-Greseum 
which it contains. Above this bed of cement, and in the dilit^ 
vium, the excrements are entire and very well prese]#ed ; seve- 
ral of the balls of which ihey are composed still adhering, and 
being in close connection. The bones are likewise raiire entire, 
although ceitain of them appear to have been gnai^ed. 

Fragments of pottery have been also discovered in the 
lowest as wdl as in tbe highest parts of tbe alluvial soil, the 
greatest tbiciuiesS' of which ia about fonr metres. But to dia- 
dpate every <loabt on this point, M. deChristel, in hioeelf 
excavatiag the mud, collected quite 9t tibe bottom of the moit 
inferior bed, a fragment of pottery whieh he was so obKgiog 
as to show us. This fragment adhered to the cement, placed 
above tbe rodk whidi Umm the floor of the cavern, being 
scarcely five or six centimetres above this floor. M. DnmaS 
lie Sommieres likewise obsenned a molar toothy which M. <fe 
Christol has aseertained to be human, and to have come from 
an adult subject, whifch he found in the cement where eieist 
the bonee and die pounded exct^ments of wiueh ivehave spo^. 
ken. In short, in different parts^of the mud other humaa 
bones have been dicovered, whidi resemble the phalanges of 
the hand, as well as a metatarsal bone, indicative of adults 
0f a tall size. 

Human bones and €$arthen fragmeate ^9ere also mixed and 
confounded in the Caverns 4!iif Poadres with nomerons remaine 
of terrestrial mammalia, among which were to be remarked 
those of Ae following animails : — ^1^, Of a rhinooeres morene- 
sembKng the SMnooeros 9»ftati^att^an the IZAMOc^mf ikkorhL 
miS&sxSilep^1mm8\ ScJ^crfwildboars; &2,of horsesofasmalw 
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let tace than the large boraeis of the caverns of Lunel-Viel; 
4ihf of two species of Bos, one of which was the Anrodis ; 
Bihy of a description of riieep ; 6/A, of a single species of Cervu$^ 
probably of a cataglochis of the size of the stag ; 7^A, of a 
species of bear ; Sth, of a badger ; 9<A, of the Hyasna Bfdaa^ 
a fossil kind which approaches the most to the spotted hyenai 
or the hyena of the Cape ; lOfA, of Rodeutiaf the size of the 
hare and the rabbit. — These remains of mammalia were ac- 
companied with the same land-shells that we found associated 
in the caverns of Lunel-Viel ; that is to say, with the Ctfeto- 
stoma ekgansi BtdimtM decMatus, and the Hdix rhodosioma 
and variabilis. 

■ m 

S. Cavern of Souvignargues. 

The second cavern of the environs of Sommieres (Gard), 
that of.Souvignargues, has had formerly manyop^ings. At 
the present day there only exists one of these, the others hav- 
ing been obstructed by parts of the cave giving way^ The 
opening by which we penetrate it is a very irregular hole, the 
large diameter of which is little more than fifty centimetrts& 
It is necessary, in this case, to crawl with some inconvenience 
upon the belly for a distance of about six metres, after which 
we are enabled to get upon our knees. This corridor, bound- 
ed on each side by cavities more or less spacious and very deep^ 
terminates by enlarging itself. In fact, at the end of about 
sixty paces, it is abruptly expanded, and several very large 
chambers, covered over with fine stalactities, unexpectedly in^ 
vite the attention of the curious. A thick, gkcis-formed, sta- 
lagmitic bed covers there the diluvium ; and, as ijb is very hard^ 
we do not know if there exist in it bones or not. ' 

Our operations were thus limited to the exploring of the 
mud which is found at the extremity of the corridor, in tb^ 
place where the cavern begins to be enlarged ; the mud being 
there completely exposed. The diluvium, the thickness of 
which in this part is about two metres, is red, tenacious, and 
apparently argillaceous. It encloses a great quantity of land- 
shdls, like those which exist in the caverns of Fondres and 
Lunel-Viel ; and likewise kNne of the B^lix nemoralis and 
o^ra. Under this horizontal bed of mud containing land- 
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shells, we observe at first, a layej: of gravel about seventy cen- 
timetres thick; this bed being mixed with red clay. The 
gravel gradually thins o£P, and, in proportion to its disappear- 
ance, the bones begin to be exposed. It is in this bed that 
M. de Christol has detected several molar teeth of the Bos 
and of the cervus, an ungual phalanx of an individual of the 
solipeda, a molar tooth of the bear, and several human 
bones, as of the scapula, humerus, radius, perineum, sacrum, 
Imd two vertebrae. It is to be remarked, that under these 
bones there only exists a depth of twenty centimetres of dAvr^ 
viuiTt, so that they were very close to the rock upon which this 
mud had been deposited. This position was one which was 
too important to leave undetermined, with the vi«y of esta- 
blishing, if by any circumstance the different beds of gravel 
bad undergone any derangement ; but, as we were well con- 
vinced that tliere was not any interruption between them, 
which is even the case with the superior bed, containing shells, 
nor any sort of dislocation, it is difficult to resist the conclu^on, 
that whether.it be the bones, or the different sorts of gravel or 
mud, they are found in the position, and in the situation in 
which they bad been originally placed. 

Such are the interesting circumstances under which human 
remains have been discovered in the south of France. M. de 
Serres adds in a note, that another discovery, though of frag- 
ments of pottery only, was made by M. Delanoue, in the 
caverns of Miremont, which contained numerous remains of 
the Uraua spdosua. 

• These are the chief extracts which we^hall give from this 
important memoir. Much of the remaining part of it is de- 
dicated to a recital of the chemical means employed to deter- 
mine the relative antiquity of the bones, on the assumption, 
that it would bear a proportion to the carbonizable animal 
matter contained in them. The human bones of these caves 
were again compared with the oldest ones which could be col- 
teicted from Gaulish sarcophagi, some of these having been 
interred for so long a period as fourteen or fifteen centuries. 
The result of these experiments was to justify the reference of 
the human bonts found in these caves to an epoch far remoter 
than what cout4'be assigned to those which were deposited not 
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long after the. Christian era. It was not, however, so easy to 
determine from this test the comparative age of the ossiferous 
deposits themselves^ when considered exclusively ; the greater 
or less abundance of the animal matter appearing to vary with 
the circumstances under which they were found imbedded,. a4 
for instance with their greater or less protection from the ac* 
tidn of external agents. However, as far as could be inferred^ 
t]?e presumption was, that the ossiferous deposits of the cavern$ 
of Lunel-Viel and of the Hermite, in which no human remaina 
had been detected, were the most ancient 

The fragments of pottery which were submitted to the Uh 
spection of the antiquaries of Montpellier, appeared to them 
to indicate the first infancy of human arts, being pronouQr 
Ced to belong to times anterior to the introduction of Roman iiH 
ventions into GauL For instance, the earth of which thejt 
had been composed did not seem to have been washed before 
being used. Earthen vessels had been dried or hardened by the 
sun, or by a fire kindled on the occasion, but had not owed their 
baking to furnaces constructed for the purpose, which wail 
shown by their external surfaces only having undergone the ao« 
tion of heat. 

But to conclude. — From the circumstances under which these 
bones are discovered, M. dc Serres has very readily arrived at 
two natural conclusions : 1^^, That, since the appearance of mw» 
upon the earth, certain species of terrestrial mammalia havig 
been completely destroyed, or at least have ceased to exist IQ 
the different parts of the globe which have been explored up 
to the present time ; ^, That the remains of our speciies are 
incontestibly mixed,, and are found in the same geological cir* 
cumstances as certain species of terrestrial mammalia, QOtm^ 
dered up to the present time as antediluvian, such as the beec 
of the caverns of Miremont and of Btze, together with ibe 
ifhinpceros and the hyena of the caverns of Pondres and Sou- 
vignargues. 

Besides these conclusions, there is a train of others wbicb 
M. de Serres has hazarded. But, as these involve in them the 
details of many g^lpgical j^euoinena peculiar to the SouUi of 
France, into which we have not space to enter, we shall postpone 
to another occa»on our observations upon th«n,.on acoo^ntaC 
' thegreatlength of discussion which they are calculated toiuvcdve. 
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We Bhall merely hint that the following is the state of the 
diluvian question : — 

In the Jlrst place, inany are inclined to think, and we belieye 
with reason, that, in the present geological epoch, proofs art 
afforded of Europe having been visited by one, or even more 
deluges, and that, ait the least, one of these was overwhelming 
in its effects. But it does not appear evident, that this deluge 
was an universal one, since ho traces of it <bap be detected in 
many very extensive districts of the Continent. * 

SeconcUffi Although it is probable that the deluge, or de- 
luges with which the Cbkitinent of Europe has been occasiQH^ 
ally visited, must have been highly destructive to many tribes 
of aniijaals, yet it follows^ as a corollary from the* preceding 
pouclusion, that the destruction could not have been univer- 
-aal ; and that we must have recourse to other causes if wi 
would explain the extinction of many ancient races of animalsi 

Into this question we may enter at some future period. 



Art. XV.— On the double Chlorides of Gold. By James 
F. W. Johnston, A. M. Conununicated by the Author. 

The double chlorides of gold with sodium and potassium 
have been examined, the former by Figuiei* and Dr Thomson^ 
the latter, by Javal. The two analyses of the sodium salt agree 
very nearly with each other. They are as follows : 

Thomson. FSguier. . 
Chloride of sodium - - 14.85 14.1 

Chloride of gold ^ifj°^2.'5l} ^"^'^ ^^'^ 
Water - - - 17.82 16.6 

100 100 

And Dr Thomson deduces the composition to be 

1 .9ft>m M-chbride of gold 34 1 

1 atom chloride of sodium 7.5 >- 50.5 

& water - - 9 J 

But this analysis bears in itbdf a strong argument against its 

^ * Dr Hibbert, we understand^ made many observations on this ppiat ctf 
the question during bis late visit to the Continent. 
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t^rrectness. The oxide of gold is as ^er-oxide, and the chlo- 
rides by solution in water are supposed to become muriates, 
in consequence of the chlorine uniting with the hydrogen, and 
the meta,Hic base with the oxygen of the water. When the 
sodium chloride of gold, therefore, is dissolved in water, three 
atoms of oxygen ivill unite with the gold to form ter-oxide ; 
two of the hydrogen which is liberated will combine with the 
two of chlorine, forming muriatic acid; and the third will 
escape. Or vice versa^ on evaporating the solution to obtain 
the salt in the crystalline form, there will, be a redundancy of 
oxygen, which must in its turn fly off. But no such pheno- 
mena take place on dissolving or crystallizing the salt ; it can- 
pot, therrfore, contain gold in the state of a 6i-chloridei 

This difficulty was seen by Dr Thomson, and alluded to in 
his ** Attempt'*'* (vol. i. p. 447,) but, trusting to the accuracy of 
his analysis, he left the matter undetermined. In the eleventh 
volume of the Edinburgh Transactions (p. 28) he has returned 
to the subject, and endeavoured to confirm his analysis of the 
sodium salt by a similar analysis of the simple muriate of gold. 
When the solution of gold in aqua regia is evaporated by a 
gentle heat, a salt is obtained in long pale yellow four-sided 
prisms, and in truncated octdiaedrons. This is an acid salt, 
a compound of muriatic acid, and oxide of gold ; or, as many 
chemists consider it, a compound of muriatic acid and chlo- 
ride of gold. When these crystals are fused and further heat- 
ed, they give off water, muriatic acid, and chlorine ; forming a 
<^r-chloride of gold which, if not sufficiently heated, may con- 
tain a portion of the acid salt,— or if heated too much, may be 
partly changed into proto-chloride, or it may be a mixture of 
all three. 

This ^er-chloride, according to Berzelius, consists of 

Theory. ExperimenL 
1 atom gold = 26 64.9-^5 66.09 

8 atoms chlorine = 1 8.6 86.065 34.91 

88.6 100 100 

If this ^er-chloride be farther heated very gently till it ceases 
to give off chlorine, it is changed into a yellow /?ro^a-chloride, 
consisting, according to Berzelius, of 
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.Theory. Experiment. 
1 atom gold - 26 84.745 85 

] atom chlorine 45 15.^5 15 



29.5 100 100 

Water decomposes this chloride into a solution of the com- 
mon muriate and metallic gold. 

Such are the relations between gold and chlorine according 
to Berzelius. Dr Thomson, on the contrary, states, that ** the 
muriate of gold cannot be converted into a chloride by heat ; 
at least all my attempts to obtain a chloride by that process 
have ended in disappointment.^* 

Dr Thomson dissolved a known weight of gold in nitro-mu- 
riatic acid, evaporated to the state of a brownish-red solution ; 
and weighed the solid mass it formed on cooling. The gold 
in this salt was thrown down from its solution by a plate of 
copper, and the copper by caustic potash. The liquid neutra- 
lized by nitric acid was thrown down with nitrate of silver. 
The sum of the gold in the state of peroxide, and the muriatic 
' acid equivalent to the chlorine obtained, deducted from the 
weight of the saline mass, was considered as . water, and the 
following ccHnpositlon made out 4 

£ atoms muriatic acid = 9-^5 1 

1 atom peroside of gold = 28 >- 42.875 

5 atoms water - = 5.625 } 

There are two objections to this analysis : First, it will ap- 
pear from a consideration of what has been stated above, that 
the saline mass might be a mixture, and that no characters 
are given by which we could determine it to be a single defi- 
nite compound ; and, secaiidly, the analysis itself was too com- 
plicated. It is necessary to take these objections into conside- 
ration, as the result obtained by Dr Thomson in his two ana- 
lyses, if correct, would form a very remarkable anomaly among 
chemical combinations. Since caustic potash throws down a 
i^er-oxide of gold from the muriatic solution, we should infer 
that salt to b^ a ^er-muriate also. It ia not easy to conceive, 
indeed) h^w it can be anything, else. 

* Edinburgh Transactions, xi, p. 99^ 
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During^ a residence in Stockholm towards the end of last 
year, I was invited by Berzelius to assist him in analyzing the 
chloride of gold, with the view of clearing up die anomaly 
which Dr Thomson^s paper presetited. The common muriate 
or chloride is not easily weighed owing to its deliquescence, nor 
is it easily obtained unmixed; the double salts have neither of 
these disadvantages ; they were therefore selected for examina- 
tion. 

I. Chloride of gold and sodium.^~Dv Thomson analyzed 
this salt by heating it alone in a green glass retort, and caus- 
ing the chlorine disengaged to pass through a solution of ni- 
trate of silver. The loss, after adding the chlorine and gold, 
was considered to be water. The salu analyzed in Berzelius^ 
laboratory were introduced into a glass tube drawn to a fine 
point at the one end, and having a bulb Uown in the middle 
to contain the salt. A spirit lamp was applied to the bulb, 
and dry hydrogen gas passed through as long as any muriatic 
acid was given off. The loss of weight indicated the chlorine 
combined with .the gold, — ^and the water ; the weight washed 
out by water was the alkaline salt, and the remainder was pure 
gold. 

1^ 2.06 grammes of the salt in small yellow prisms and 
needles, and dried in the open air, being decomposed by hydro- 
gen gas, and the common salt washed out, evaporated and heat- 
ed to dull redness, gavp loss — 

being, Chlorine and water, 0.742 = 86.024 per. cent. 

. . Gold, 1.02 =49.61 

Chloride of sodium, 0.298 = 14.466 

2.06 100 
S^ 3.026 grammes of the same salt were mixed with six 
grammes anhydrous carbonate of soda, and heated to inci- 
pient redness for half an hour over a spirit lamp. The salt 
dissolved out by water left of gold 1.4978 grammes = 49.497 
per cent. The solution saturated with nitric acid, and preci- 
pitated by nitrate of silver, gave 4.3847 grammes, fused chlo- 
ride answering to 35.34 per ceiit. of chlorine in the salt 

The chloride of sodium obtained in the former experiment 
= 14.466, conUins 8.885 chlorine, consequently 35.34—8.885 
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s S6JM>S'is tbe chlorine in (xMnbiiiation with the gold. 
And 36.024 — 26.505 ==9519=: the water. 
Therefore the composition of the salt per cent, is 
ChiorideofBodiuu.. Chforine. 8.885. J ,^^ 

Chloride of gold, g^S;-' ^-^^ 76.006 

Water, &.519 

Now 8.835 X 3 = 96.505, tlie chlorine combined with the 

gold, therefore the gpld is combined with three tinges fis mpc^ 

cfilprine as the sodium, and is a <^-chlorid^ 

The atomic constitution of the si^lt is as follows : 

1 atom chloride of sodium^ r=. 7*5 = 14*S5 per cent 

1 atom ter chloride pf gold, =t 38.5 = 7Q.3d 

4 atoms water, s 4.5 = 8.92 

51.5 100 

SP, From these experiments it appears that Dr Thomson 
has erred in both of his analyses as much as 8.835 per cetit. 
or J of the whole chlorine combined with the gold. This 
wide difference between the results made me desirous of re- 
peating these experiments on my return home before publish- 
ing tho89 of Berzelius, more especially as the results of Pr 
Thomson were so nearly corroborated by the previous analy- 
sis of Figuier. 

I formed, therefore, a quantity of the salt, and crystallized it 
from a solution containing excess of common salt. Prepared 
in this way, it gave me in two different analysis 16.S per cent, 
of common salt, being nearly two per cent too much. I puri- 
fied the salt, therefore, by the addition of more gold, and three 
successive crystallizations, when by spontaneous evaporation, 
which in this salt proceeds more slowly than in either of those 
hereafter described, I obtained it in large reddish yellow prisms 
and four-sided tables, an inch in length, and some of them near 
half an-inch in breadth, emitting a metallic sound when thrown 
upon glass. 

33.Q38 gruns of these large crystals, after drying at a heat 
of 150^ were exposed to a current of dry hydrogen gas, and 

* These calculations are according to Berzelius's numbers. 
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lost 11.994 gra.:= 86.808 per cent. =: the water and chlorine 
in combination .with the gold. 

The chloride of sodium washed out, again evaporated to 
dryness and heated, was perfectly white, and weighed 4.852 
= 14.687 per cent. 

The residual gold heated to redness weighed 16.192 = 49-01 
per cent. 

Again— -25.781 grs. in large plates heated with carbonate of 
soda in the manner above described, the salt dissolved, the 
excess of carbonate decomposed by nitric acid, and the chlo- 
rme thrown down by nitrate of silver, gave 36.582, fused chlo- 
ride of silver = 9*0^9, chlorine* = 35.0256 per cent., being 
the whole. chlorine contained by the salt 

Now the chlorine in 14.687 grs. common salt obtained in 
the former experiment = 8.8122 grs. 

Therefore 35.0255—8.8122 = 26.2133 the chlorine in com- 
bination with the gold. 

And 36.303— >26.21d8 = 10.0897 = water present in the 
salt. 

The whole analysis consequently is as follows : 

a,v^^^^. ^^ ^^} urn 

Chk»Meofgold. g'J3f=- glJ^} 75.«» 

Water, 10.0897 



100 
The result of these experiments shows, that the large cry- 
stals made use of contained upwards of one per cent of water 
lodged mechanically among the plate s. The ratio of the 
chlorine in combination with the gold, to that united with the 

* This is calculated from Dr Turner's results, as detailed in his paper 
in the Philosophical Transactions. He foond* lOO metallic aUver to be 
equivalent to 138.83 of fused chloride. 

t This salt may be fused without undergoing any appreciable loss of 
chlorine, and, probably, when in large crystals this is the only way of free- 
ing it from mechanical water. I heated 25.781 grains of large plates to the 
melting point, and kept it in occasional fusion for two hours, when the en- 
tire low waa only OM, a large portion of which was probably uncombined 
water. 
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todtum^ is the saioe aft in the abalyiis of fierzelius, though not 
80 rigidly exact as in his probably more accurate experiiiient. 
The following table gives a view of all the analyses of this 
salt hitherto published. 

Theory. FIguter. Tbouaon. Bendiiu. Johnaton. 
Chloride of Sodium 7.5 14.8.$ 14.1 14.85 14.466 14.687 

ri,Wwl««fi«.M $C1^^0"°el3.5 26.73 ^^ « 17.8« 26.505 26.8133 
Chloride of gold J Q^jj 25. 49.5 ^^'^ 49.51 49.501 49.01 

Water 4.5 8.92 16.6 17.82 9.519 10.0897 

50.5 100 100 100 100 100 

II. Chloride of gold and potassium. — Of this salt only one 
analysis, I believe, has yet been published, that of Javal. * 
He found it composed of ^ 

Chloride of potassium 24.S6 

Chloride of gold . 68.64 

Water - - . 7.10 



100 

This salt parts with its water much more easily than that of 
sodium, — it effloresces even when exposed to the air, and 
loses its whole water at the temperature of S12^. It crystaK 
lizes in four-sided prisms and needles, and in large brilliant 
thin plates, resting on their edges, and increasing upwards in 
the liquid, while, those of the sodium salt are formed always 
along the bottom of the vessel. In an acid concentrated solu- 
tion it forms hard prisms, — ^in a more neutral, fine needles. 
The large plates are obtained only from a solution with excess 
of potash, and by spontaneous evaporation. The crystals do 
sot long retain their water. Some fine prisms picked out and 
preserved in a corked tube were covered with a yellow powder 
in a few weeks. 

■> 1^ 8.141 grammes of the salt in minute yellow needles, and 
previously dried by pressure upon bibulous paper, were heated 
on the water bath. It lost 0.865 = 8.099 per cent. Fused 
afterwards in a tube, it gave only a trace of aqueous vapour, 
showing that it contuned no appreciable quantity of water. . 

* ilfi. de Chim. ei de Phys, xyii. 337. 
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Sf*^ B^4fi gn^a«s^i&$6[xb^ dry Btlth^aBi^ 
rent of hydrogen gsRs till all graces of muriatioacid teased to b» 
evolved^ lost; .0.793 ^ Ii9*£l per ^cea^ =r chlorine in combina* 
tion with the gold. 

The chloride of potomum being wariied out, left 1.8486 of 
metallic gold = 62.143 per cent 

The salt therefore was composed of 

Anhydrous. 



Chloride of potasrimn, 


-W.347 


23.294 


Chlorine, 


22:610 


20.687 


Gold, 


5S.14S 


47.919 


Water, 




ftioo 



100 100 

This analysis agrees Tery neariy with that of Javal, who caU 
ciliated hb salt td consist of i . • ' 

S Chloride of potassium 4- 2 ter-chloride of gold. 

This composition, calculated according to the atomic num- 
bers of Thomson and fierzelius^ gives the following propor- 
tioJQs per cent. 





Beraelins'i 


TbpQWA's 




nuqkbers. 


Duinben. 


Chloride of potassium. 


27.074 


27.014 


Chlorine, 


26.430 


, 26.692 


Gold, 


47.498 


47.898 



These proportions^ differ ^m the experimental results by 
quantities far too great to be accounted errors i|k tfa^ taalysis, 
as I can b^r ample testimony to th^ care ^th which the 
above analysis wa^ perform^ by B^nselius while I bad tb^ 
honour of assisting him. In consequence of an error In the 
calculation, however, \jy whi^h this theoretical Mmflosidon 
was made to differ only, one per cept* frcnn lus exptoimenti^ 
resulti* Bierzel^iis. adopted JavaPs vi^w pt tb^ ionstitutioti ef 

f • This calcoliftibD was as fbllowb : ' 

Chloride of potassium, S4.77 

Chlorine, 83.48 

Gold, dl.81 

Thisy it will be seen, differs tnm the experimental results only by one per 



Ae aall, and-coliclQded tbiK the todiufn wd poUwum cUon 
rides of gold are unlike in composiliony Kft be had ford^erly 
found to be the case with the nmilat IsdUs of rhodium.* 

Dn ray teturq home I was apxious to yerify this analysis 
also, and formed therefore a portion of the salt by mixing the 
solutions of the simple chlorides. I obtained large^ well-de- 
fined, brilliant, four-sided oblique prismi^ speedily becoming 
opaque. 

1^. Of these large prisms 50.154 grains were heated in a 
current of hydrogen gas, when the loss in weight was 17.4 
grains = 84.693 per cent = water and chlorine. 

The gold left after washing the residuum, weighed 23.H 
= 46.861 per cent. 

And coi)sequently the composition of the salt was 

Chloride, of potassium, = 10.446 
Gold, = 46.361 

Chlorine and water, = 84.693 



100 

8^. This salt, as I have already stated, soon parts with its 
water, and it wds by the heat of a water-bath that it was 
rendered anhydrous by BerzeHus^s experiment. But to take 
away all chances of error to which this method is liable, from 
the possible loss of chlorine and from the want of any fixed 
rule for determining when the water is entirely dissipated, I 
took 25.893 grains of the same large crystals, being all I had 
left, and heated them in a porcelain crucible for half-an-hour 
with 50 grains dry carbonate of soda. 

^ The salt being washed out left of gold 12.15 grs. = 46.99 

^ per cent. 
. 7he solution saturated with nitric acid and thrown down by 

cent. ;, and, assuming it to be correctly calculated, the composition of Java! 
wail obviously made out. Tbe error must have arisen entirely from the 
Iiaste with whi^h the note of the experiment given me by Berzelios tras 
dr^WD ^p. I never t)iougl^t of making t]ie calcination myse^t^ tlw i^r 
possibility of obtaining any thing like the same results in repeated analy- 
ses of the salt led me at last to examine the numbers. 
* See page 22 of this present Number. 
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nitrate of silver gave of fused chloride, S5.6d6 grs. = 8.8144 
ditorine z=: 84.0416 per cent. 

Now the chlorine in 18.446 chloride of potassium, according 
to Thomson's numbers, is a7375, and 8.7375 x 4 = 34.95, 
which is very near the quantity of chlorine obtained. The 
gold, therefore, contains three times as much chlorine as the 
potassium, and is consequently in this salt also. in the state of 
a /cr-chloride. 

'J'aking three-fourths of 34.0416, we have 25.5312 for the 
chlorine in combination with the gold, and 34.693 — 25.5319 
=3 9.1318 for the water contained in the salt We have there* 
fore the following constitution. 

^vi ., . ^ . Chlorine, 8.7376 K.,..^ 

Chlonde of potassium. potassium, 97085 1 ^^'*^ 

rr, ^.^ 'A t \A Chloriue, 25.5^12 1 -.o OOOO 

r«r-chlondeofgold. q^,j^ ^^^ j 72.3922. 

Water, 9.1318 



100 

If we calculate thb composition we find the chlorides united 
in the proportion of atom to atom, and that the water comes 
nearest to four atoms, as follows . 

Theory. Bzperiment Berzefim. 

1 atom chloride of potas8iuni,= 9.5 = 18.093 18.446 23.S94 

1 atom gold, S5. , 47.619 46.891 47.919 

3 atoms chlorine, 13.5 = 25.714 25.5312 20.687 

4 atoms water, 4.5.= 8.572 9.1318 8.100 

52.5 100. 100 100 

The great difference between my own results and those of 
Berzelius and Javal I can account for only by supposing that, 
my own salt being in large well-defined crystals, must haye 
been the purer, or that there are two double chlorides of gold 
and potassium, of which the minute prisms analyzed in Berze- 
lius^s laboratory was a mixture. At all events, the agreement 
of my results with atomic numbers shows the salt I employed 
to have been a definite chemical compound. 

III. Chloride of GM and Ammoniunu^^i this salt no 
analysis I believe has yet been published. When in Copen- 
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hagenDr Forchammer ioformed me that he had [made some 
experiments upon it, and found, that, when decomposed by a 
red heat, it left 48.1 percent, of gold, and that it contained 
about 13 per cent, of water. These quantities, deduced from 
incomplete experiments, differ materially from my results as 
stated beneath. 

This salt is easily formed. If neutral solutions of chloride 
of gold and sal-ammoniac be mixed and set aside for sponta- 
neous evaporation, the salt speedily deposits itself in small 
golden yellow prisms and needles, or in large right prisma 
with rectangular terminations, and often with two of the op- 
posite solid angles replaced so as to form right six-sided 
prisms. If the solution contain excess of sal-ammoniac, it forms 
large plates of a beautiful golden yellow colour and pearly 
lustre, increasing upwards, and presenting in their outline the 
Bhape of a large flat prism with low pyramidal terminations. 
When removed from the mother liquor, the prisms are yellow 
and transparent. Pressed between folds of bibulous paper, 
they retain their transparency for a short time — but exposure 

to the air for a few minutes — a slight warming^>f the paper 

or contact with the fingers, renders them opaque. By expo- 
sure to the air for a length of time, it is gradually decomposed^ 
and if in thin scales, dissipated, leaving a black stain. When 
heated in a water bath, it gives off all its water and undergoes 
a kind of semifusion, which causes the crystals or their powder 
to cohere. The colour is deepened also, but becomes again 
pale yellow on cooling. At a higher temperature it melts in. 
to a reddish liquid, and is decomposed, giving off chlorine and 
sal-ammoniac, and leaving metallic gold. This decomposition 
takes place so easily, that by a careful regulation of the heat, 
both the ammonia and the chlorine may be driven off without 
fusing the salt, and the metallic gold obtained in the form of 
the original crystal— showing that during this decomposition 
no change takes place in the relative position of the atoms in 
the interior of the crystal. A similar fact has lately been ob- 
served in regard to the crystals of nitrate of silver. 

The water or ammonia or both vary in this salt so much, that 
though I have made ten or twelve analyses of it, I have never 
obtained the same percentage of the constituents in any two 
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experinieiit& The water varies firom 4 to 6 per cent, accottt- 
ingvas the salt has beeh more or less exposed to thii atifld^ 
Isphere or other causes, so that the salt in the state of crystals, 
from the uncertainty of their state of dryness, cannot be em- 
ployed to ascertain the per centage, nor can we depend upoh 
their retaining all the chlorine when dried in a water bath, as 
the odour of this gas is developed at a very moderate tempe- 
rature. The volatile nature of the alkali in this salt is another 
obstacle in the way of a rigorous analysis, as it is not easy to 
collect and weigh it« The following experiments, however, 
are sufficient, I think, to determine its constitution to be si- 
mifar to that of the two salts above described. 

. P« The mean of five experiments gives for the water driveb 
off by the heat of a water bath 47 per cent. 

2^ A portion of the salt decomposed by heating with car- 
bonate of soda ; and the solution afterwards saturated with 
nitric apid, and thrown down by nitrate of silver, gave of gold 
and chlorine in the following proportions : — 

Gold, 7.52 = 1 atom. 
Chlor. 6.477 = 4.04« atoms. 

The chlorine and the gold have therefore in this salt tke 
same ratio as in the other double salts. 

8^ 3^.467 grains q{ large distinct crystals dried in the aiiv 
and become opaque, were heated in a stream of hydrogen gaa 
Water passed over at firsts mixed with a minute portion of 
'acid. This ceased before the salt fused ; it was therefore A 
lowed to cool, and weighed. The loss was 1.8 grains = £.54 
per cent. Heated again till all was driven off there remained 
63.22 per cent, of gold, the additional loss being 13.S87 z= 41.%S 
^r cent, which ought to be something less th«i the full weight 
of the chlorine and ammonium. 

Now 3 atoms chlorine =: 33.738 per cent. 

And 41.23 — 28.718 = 12.492, which is less than the wheb 
weight of sal-ammoniac. Therefore we have the oompositioii. 

Gold = 6a22 percent. 

Chlorine = 28.718 "^^ — 

Sa) fumoaoniac = 19ii9S + -^^ — ^ 

, . '.Water ' s tkM _ f -' " ' ' 
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The sal-ammoniac, is here too THtle^.aiid the gold too jiuk^ 
I have tried to collect the s^J-ammomac. aad we^h it, but the 
chlorine carries off a portion of it, even when inade to. pass 
through water, so that I have contented myself with inferring 
its amount ; in which, after the chlorine is determined, there 
cannot be any great error. 

4^. The mean of the la^t compared with five other experi«- 
ments, ^ves for the gold in the salt 58.66 per cent 

These experimental results agree very nearly with the fol* 
lowing cpnsutution :^- 

Theory. Experiment. 

I atom gold z= S5 = 52.682 c 5^66 

4 atoms cfalorinQ = 18 = 37.894 = 88.83 

1 atom ammonium* =r ^25 s= 4.787 =±4.8 

2 atoms water z= 2.25 = 4.737 = 4.7 



47.5 100 100 . 

IV. Red double chlorides of Gold. — The salts of sodium 
«nd ammonium above described dissolve in nitro-muriatic 
4icid with effervescence and evolutioti of deutoxide of azote 
and chlorine, and give solutions varying in colour from a 
ipeddirit-yellow to a' deep blood-red. On cooling, these so- 
lutions deposit yellow prisms resembling in appearance the 
cri^nal salt, but having the property of becomihg deep red 
when, heated to about 800*^. If the solution be evaporated 
tiD dryness, a Mood-red mass is obtained, deepening often in 
the ammonium salt to a dark purple, *f- which on cooling at* 
tracts moisture with great avidity, becomes of a dirty brown, 
tad finally of a yellow colour, — and resolves itself at last into 
a'yellow liquid. This liquid, concentrated by heat, becomes 
again deep red, and cmicretes into a tnass of deep red prisms, 
which change, as before, in a cool and moist atmosphere. 
In this state the salt is partially decomposed by aloAol 
into the alkaline chloride which remains undissolved, and a 
» . ■ 

* i atom amnaonium =» 1 atom-amiDonia + 1 atom hydrogen* Tlie 
conatitution of this salt requires I thinks that we should consider uk- 
ammoniac as a chloride; otherwise we should have one atom of a chloride 
united to one atom of a muriate^ a kind of compoundnot hitherto recognised. 

t This very deep colour is|;eneraUy attended hy a partial decomposition. 
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^eenish *. jellow sediment, showing to the microscope a mix 
•ture of brilliant particles of gold, and' changed instantly by a 
drcfp of muriatic acid into pure metallic gold of the common 
-appearance. The alcohol also dissolyes a portion becoming 
deep red, and giving by evaporation deliquescent reddish-yel- 
low crystals in four-sided prisms, becoming deep red by a heat 
otSlZ*. If the heat be raised a little higher, the salt fuses, 
dries, and the microscope shows the crystals to have now the 
form of very minute cubes. Alcohol has on these cubical 
crystals the same effect as at first, decomposing one portion 
and dissolving another, which gives again yellow prisms with 
a shade of red or brown, succeeded on the application of heat 
by dark red cubes. Water dissolves the red mass with resi- 
due of a little metallic ^Id, the result, probably, of previous 
decomposition. This solution gives a mass of red prisms, 
more deliquescent in^ the ammonium than in the sodium salts, 
and changed by a continuance of heat into red cubes. If the 
^t be previously in solution from the presence of a. small 
quantity of moisture, alcohol does not decompose it. Like tlie 
yellow salts.it is decomposed by caustic aqimoiua^ whicb 
throws down a light brown precipitate. 

By a similar process we should obtain a red potassium salt 
also. The potassium salt abovje analysed dissolves. like the 
others in aqua regia, and gives a red solution ; but evapora- 
tion to dryness did not give me a red mass, nor did the yellov 
prisms obtained become red by an elevation of temperatuve. 
Its formation in this case may be dependent upon circumstaiv 
ces of which I am not at present aware. 

Berzeliusf has described similar red salts of iridium, osmium, 
rhodium, and palladium, formed generally after the same man- 
ner. Magnus} has also formed a like class of red platinum 

* Berzelius stat^^ that if the solution of chloride of palladium in caustic 
ammonia be evaporated to dryness and treated with water, a greenish-yellow 
powder remains, consisting of one atom of the chloride, and one atom of ' 
ammonia. Magnus formed a similar compound of platinum. It is possible 
that the greenish-yellow powder above-mentioned may bear some analogy 
io these, though it can hardly be of the same composition. 

+ Koriff. Vttensk. Acad Handling, 1888. 

X ^<Wci^« AnnaL xit. 9S9. 



w\\My flo tlnkt those now indicated were atone wanting 16 M up 
this entire fiunily of analogous coaponnds. - 

In^be: state in wfaicb they are obtained by the process al^d 
described, these salts seem inipeffect There must'be-sdme 
yet unknown pitocess. for preparing them in a bietier defined 
and more permanent form. The ammoninm salt I first ob» 
Unned accidto tally, and in a state iii which I have been'en- 
abled to preserve it, with a slight loss of colour, for several 
months. 

I mixed a solution of sal-ammoniac with an acid sdlutionof 
gold in a common wineglass, and set it before a fire to'6vapo» 
rate. To: hasten the evaporation I shook it up occasionally 
on the sides of the glass, by which 'they became covert witii 
a thin film of the yellow salt. This film I found was redis^ 
aolved by the acid liquid with effervescence. Concentmted in 
this way the sohition deepened in colour to a blood red, and» 
on removal from the fire, deposited a great number of minute 
bright red cubes, mixed on cooling with minute crystids of the 
yellow salt^ from which it was difficult by mechanical means en- 
tirely to separate them. They diasolvein water more eaaly than 
ihe ydlow salt. A portion of these minute cubes in a close tube 
ibecame yellow in a few weeks, without changing their form. 
Some larger crystals which I was fortunate enough to- obtain on 
onfe occasion, were mpre permanent,)inBolubIe in alcohol, and af«- 
£ecting a form derived from tlie cube. These crystals, as well as 
others of the yellow salts, Dr Brewster has kindly undertaken 
to exantine and describe. . . : » 

The salt obtained by both processes is probably the same, 
-though, by the method last mentioned, I could not form any 
«ed sodium; salt The peculiar relations of ammonia to che- 
mical bodies, however, are sufficient to account for this -dift- 
ference. 

I have not analyzed any of these salts ; they are obviously 
anhydrous, as are the red salts of the other metals described 
by Berzelius and Magnus. In the corresponding salt of pal- 
ladium the metal is in combination with an atom of chlorine 
more than in the yellow salt. The phenomena attending the 
-solution of the red gold salts, and the interchange . of yellow 
prisms and red cubes, do not seem to argue the presence df 

K£W SBXIBS. HOh. III. MO. I. JULY 1880. K 
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any higher compound in them than the eomiDcm ier*<Morid9 
of gold. The bichloride in the red nit of palladitnn is de^ 
oompoaed by waim water with evolution of chlorine ; the fed 
salts above described su£fer no such deoomposition. The pro« 
bability is, therefore, that they differ fkon the ydlow^ salts 
simply in being anhydrous. 

V. YeOoio double ehlorides of gM and the dher bases^^^ 
Except with dhloride of barium I have not formed any of the 
other double chlorides of gold. Want of time has prevented 
ttie from introducing into this paper an intended description 
and analysis of the ^uUe salt c^ gold and lithium. In regard 
to the other bases I have been in a great measove' anticipated 
by Bonsdor^ in a long and able paper inserted in the Trdnti 
a^Hon^ of tite Swediak Academy for 18S8, and translated to. 
P> Poggendorfs Anmde^ yol.. xvii. p. 115 and 247. In this 
paper ^ Bonsdorf . describes a great nuiBber.t>f .douUe chlorides 
of mercury, gold» platinum, and palladium, under .the jqxpeU 
lation of chloro*mercuriates, chloro^ldates, &c. in illustration 
of a view which he entertains, that the chlorides, iodides, &a 
of any partiqular metal, act as an acid to the chlorides, iodides, 
&c. of all the more electro-poritive metals.-)- To render ihe 
present paper more complete, I shall subjoin . what be has 
stated in regard to the chkro-^ifuratea at double chlorides of 
gold. They were all formed by mixing a solution, of the 
crystalline compound of chloride of gold and muriatic acid 
^eutbned in the beginning of this paper, with solutions of the 
other metallic chlorides, and gently heating the mixtuce till 
the acid was driven off. By re-solution in water the salts easi- 
ly crystalline, either by spontaneous evaporation or oyer suL 
jphi^ric acid. They are all very soluble in water and alco- 
Jiol. 

1. Chloride of Gold and Barium forms a yellow salt in low 

^ The results in this paper have heen long kept' hack hy the unfortu- 
nate fire at Aho in Beptemher 1827> by which, along with the university, 
nil Bonsdorf 's preparations and implements were destroyed, and his labours 
interrupted. 

. t Thb same view is entertained by JBerzeliw in regard to the sulfihnr 
jalts, or combinations of a sulphuretted fCtlectno^ncgativ^ body witti-tbe W^ 
.phuretted electro-positive metals. 
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rfaombie prismft or tablea* having an obtuse angle of 105^. It 
genenilly deKquescet and can be presenred only in a dry aU 
mosphere. I have formed this compound^ and obtained frooo 
it a red salt also by the method abore described. 

2. Chloride of GM tmi Strontium forms a yellow salt, 
shooting into rhombic prisms, which are permanent in the air. 
. 8. Chloride of Gold and CalciUm.^Th\8 salt crystAlllEes 
ia long rhombic prisms, ooBimonly umting Mdev»ya into a 
straw-like crystallization. .£6S grammes of the aalt^ heated till 
the water and chlorine were drivcQ off, left .989» iiMi which 
water £xtracted J077 chlocide of lime, Uttving Md of n^Alt 
lie gold. And m 96St takes 140 of chlorine^ the chloride of 
gold weighs 402, ao that, uking the deficiency for water, we 
have 

Galoaktion. Expeiim^t. Chlorine. 
Chloride of gold, iatom 76.54 71.58 84.91 

GMorideofiime, Iatom 13.45 . 18.70 8.68 . 

Water, 6 atoms 18.01 14.77 



100* 100 

' In this, as well as in th^ following analyses, it will be seen 
tliat Bbnsdorf t^kes it for granted that the gold h combined 
with 3 atoms, of chlorine, a point which it has been the object 
of the former part of this paper to prove. 

4.. CMoride 6f Gold and Magnesium. — By evaporation 
over sulphuric acid this compound is easily obtained in loi^ 
rhonibic prisms of nearly 72** and 108®. The salt, which is 
of a beautiful citron yellow, is permanent in winter f but de- 
liquesces in summer. A slight Heat drives off its water and 
melts it into a dark brown liquid, which gives off chlorine and 
at length dries. This salt was analyzed by exposure to a 
itream of hydrogen gas» and afterwards treated with dilute 
jgduriatio acid, by which tbe gold was oltfained, evaporating the 
flalutioo» «oA lieating to redness for thejuaguesia, 4)ad calcu^ 
lating the chlorides. The result gave 

* These calcuktions sre made fhmi the atomic weyu|i ofT JPer^ut . 
...t,Th^Wiil0tQfAbQf 
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Calculation. Ext>er!ineiii Chlorine^ 
Chloride of gold, 1 atom, rr 66.10 64.50 1&91 

Chlorideof magnesium; 1 atom, = 10»40 11.00 8.1 
Water, IS atoms, = 5ea50 24.50 

100 100 

5. Chloride of Gold and Manganese crystalKzes in yellow 
rhombic prisms, which deliquesce in summer, but are perma*- 
nent in winter. This salt is isomorphous with the preceding*^ 

6. Chlorideof Odd and Zinc torms a salt in colour an^ 
general appearance like the magnesium salt, and isomorphotfll 
with it. It is permanent even in sUgbtly moist air. Its con^ 
position is undoubtedly analogous to that of the magnesiui|i 
salt. 

7. Chloride of Gold and Iron. This salt does not exiB|. 
When the two chlorides are mixed, the iron, as is well khowi^ 
takes up more chlorine, and precipitates the gold in thji^ 
metallic stat^. ;- 

8. Chloride of Geld and Cadmium forms a darker yelloif 
salt in prismatic needles, which are permanent in the air. 

9* Chloride of Gold and Cobalt is obtained by spontaneous 
evaporation in long exceedingly oblique rhombic prisms. Thf 
salt is dark yellow and is unchanged in the air. . 

10. Chloride of Gold and Nickel crystallizes in low rhom^ 
bic prisms, isomorphous with the zinc and magnesium salts^ 
It deliquesces' in summer, but is permanent in winter. 

By solution in nitro-muriatic acid and evaporation, all thes^ 
salts will probably give red anhydrous compounds. 

PoETOBELLo, ^th Junc 1830. 



Art. T^W.-^Ohaervixtions on some passages, of Dr Lardner^s 
Treatise on Mechanics. By the Reverend W. Whkw^ei;;^ 
M. A., F. R. S. Professor of Mineralogy, Cambridge.^ In 
a Letter to Dr BaEwsTisrE. 

MrnKAE Sir, 
1 HAVE already had occasion to show, in "the page^ of your 
Journal, that I consider as a matter of some importance the 
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acmadoeas of the reaaonii^ employed inestahUdiing the fun* 
damental doctrines of motion. The science of MechaQics, in 
its trqe and' genuine form, ia by far the most perfect specimen 
which we possess of the inductive philosophy :— of principles 
collected from extensive experiments and observations, elevat- 
ed to the highlit point of generality, successfully applied to 
thedetennination of phenomena most numerous and complicat* 
ed. But this science will deservedly forfeit the distinction 
which we thus claim for it, if we become careless about the 
mode of proving our general principles; if we try to make 
^hem appear to be mere identical propositions ; and if we in- 
terpret them in a lax and wavering manner, in order to suit the 
different occasions on which we may wish to apply them with- 
out the trouble of accurate deduction. 

With these views I need make no apology, I trust, for 
offering you a few remarks on some passages in Dr Lardner^s 
volume pn Mechanics, recently published as part of his Cabir 
0ket CyclopcBdia. . Any one who takes an interest in the puri- 
ty of our scientific logic, will be particularly solicitous that it 
should not be corrupted without notice taken, through a work 
which seems to have so fair a prospect of extensive circulation, 
j^d I think, that whether or not such persons may assent to 
my views as to tlie true foundations of mechanical reasoning, 
they will agree with me, that nothing ought to be allowed to 
.pass without animadversion in an exposition of these doctrines, 
which, coming from a mathematician of acknowledged emi- 
Bence, can reasonably be accused of being erroneous or un- 
meaning. 

Dr Lardner has, in page 45, given his readers NewtofCs 
three laws of motion in the form in which they were stated by 
their author. He then proceeds to declare his opinion, that 
.they have little or no utility, being either identical or super- 
.fluous proportions. 

This assertion, I confess, I cannot but contest. Upon the 

.most mature consideration which I have been able to give the 

subj^t, in the course of many years, I have always arrived at 

the conviction, that these three laws, when made as distinct 

.as is possible, ure the simplest result of the analysis of the 



ph^blide&a ^ tEtoiOMy and 'the ultidiate and getiei^ "pritic^^ 
ttom which ^ur synthesis must proceed. 

If Dr Lftfdner, instead of taking these laws in theif ^giaal 
form, had introduced btfaer principles eiqtially disthiet lind clear, 
which might supersede the use of the laws hti explaining ih^ 
doctrines of itaotion, (a proceeding which is vvry posstbte) I 
should not have thought any criticism necessary; but as it 
appears to me that his slighting notice 6f Newton^s propositions 
is cohibined with tome errors as to the natui^e aihA evidence of 
the principles which he has employed, and with a want of 
fitriet reasoning in his demonstrations, I shair endeavour to 
nhow, that we may yet find our advantage in adhering a little 
longer to this long-received code of " the three laws.^ 

Of the " first law'' Dr Lardner saysj that ** when inertia 
and^/^ce are defined, it becomes an identical proposition r^- on 
which I have to observe, Fmf, that in defining ittertia he m- 
iuJmes the first law of motion ; Secondk/j Ha/sx he nnt only 
does this, but he assumes this law to be demonstrated by 
a prion proof, instead of resting on the evtdeni^e of expe- 
rience. . 

He says *^ Inertia^ or inacHvHy^ signifies the total absence 
<>f power in a body to change its state of rest Or tnotion.^ 
Now motion is here (see art. 41,) used in the sense of velocity, 
and to say that the body has no power to change its velocity, 
is to say that the velocity will not be changed Except some 
-power is exerted to produce such an efiect ; it is to ac^rt that 
^he velocity will not undergo any change in consbqtlence of 
any elementary and universal law of nature, independent of 
'any particular circumstances of the case ; an assertion which is 
^exactly the first law of motioh. 

This fallacy, which I think can hardly be denied to be one, 
k, it may be observed, of Very frequent occurrence in Treati- 
ses on Mechanics, and the temptation to commit it seems to re- 
side in the word velocity^ (or tnoHm^ used as equivalent to 
velocity.) This word does, m fact, express a property or re- 
lation belonging to the space through which a bodyifiov^ 
and to the time which ft so employs ; but this relation being 
^onoe marked by a single Word, the wotd 4s stipposed to desig- 
nate a property, not of the motion but of the body itself; and 
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tliia pfoportyi ii Am oonowrcdito have a penn«Mnry, like 
the fcurm or mse of the body, lill it is altertd by external 
'ageoto^ . . ... 

The nuBtake^ c»iisidfired in this point of Tieir, is a curious^ 
ittid instructive inatanee of the iofluoice which words e^^ercise 
upon <Hir reaeonings. . It is no. doubt one. of the highest me- 
rits which a.seienlific language. can possess, that it should 
make as simple and brief as possible the expression of true 
elementary and important propositions. But it was sufficient- 
ly pao^d to the mathematical world, by the long controversy 
about the two meanings of the word farcCy that the selection 
of the fundamental proposittans, andof the definitions of terips 
which were most convenient, may sometimes be a matter 
«f doubt and of choice. And it might have been supposed, 
that the opinions 'held in. that case by eminent mathematiciaiis, 
wottld.bave been a sufficient lesson to warn reasonerson suph 
subjects agmnat the mistake of supposing that they can, by 
ofaooaing their definitions, make the laws of motion become 
aeoessary tralhs. We may, however, observe, that the gene^ 
ral tendency to the fallacy under consideration, and the diffi^ 
cttlty of eomvinciog a perscm at first that it has been incurred, 
dbow, ma very striking maimer, how completely the appix>« 
prialian^of a word in such a case as this, of " velocity,^ answers 
the purpose of giving. to the complex idea of rektioii which, it 
HMurks, unity of form and facility of use, and. the delusion fol- 
lows dose- on this facility. We imi^;ine that the relation must 
be permanent, because it baa been distinguished from all others^ 
and is. found in possession of a ready and familiar name ; al- 
though, in fact, the thing designated by the name might be, 
so far as our means of judging are concerned, variable and 
fluctuating from one moment to another. . 

To ilhislrate this point a little farther, lei us suppose the 
ease to have been otherwise than it is ; and let us see what 
changes ia our language, as well as in our reasonings, would 
have been requisite to adapt the pretended proof aboveruoticed 
to such a ease. It will, at least, involve no ^xM^iti^adiction if 
we suppose that alL bodies, by a universal law, tend f^ vsiOYe 
mora and more slowly as. Iwig as they continue in motion. 
Let it be supppsed, that, independently of all re&neace to x;x- 



ternaL caiutt8|. i(such being ' of. come exdoded im'oor pttaenii 
specuJatioD) a bodjr wouldy in .all eases, 'lose- one thouaandtli/ 
(or any other given fracti(m) of its yelocity in every seeoiid*: 
Such a law pf motion is quite consiBtent and posdUev and 
would, perhaps. at first sight, appear to most penouB morm 
probable than the law which really obtains. In this case^ ifi 
we take two equal succesnve units of time, a body ntovkig; 
freely would describe in those times two spaces bearing a oer*! 
tain ratio; a ratio invariable for all bodies^ spaces, and veloci-'/ 
ties, and depending, only on the unit of time. And tbk^ratio^ 
being an element of universal occurrence and use in conadar.. 
ing.the motion of bodies, would naturally have some name> 
fixed upon it for the sake of convenience. . It might perhapa 
be termed ^^ the progressive rate^of the bcxly. It would, on 
the suppositions here made, be found that in all motions, cxw 
cept so far as they were disturbed by external causes^' the ./mK 
gre^sive raie of bodies was the same ; that whatever motion^ 
was given to a body at first, the progfttmve raUyWad tfaejoon^ 
sequent dependence of the space upon tfae.time,.CQBUDiKd on: 
altered* The .inertia of a body might then naturally and pro^i 
perly be described as the total absence of power -in a body Do 
cbange its prcgresrive rate; and bodies would beisaid ta 
move according to the *^ law of inertia^ when they^motredf 
with this gradually diminishing velocity. 

It would, therefore, be easy for those who wrote treatises' 
on inechanics in a universe so constituted^ to make ^hort^work 
of the proof of this law, by amm^nting inertia, so DEriKSB, 
amqng ^e elementary and universal properties of matter ; and 
then by asserting, that, in virtue of diis property, a body 
could no more alter its progressive rate than it could pit itself 
in motion when at rest, or stop itself at once. All this mq^bt 
be said, find yet it is manifest to us, knowing such a state of 
things to be purely hypothetical, that no proof of such a law 
could be obtained but from the observation and mensuration 
of phenomena* 

It may, moreover, be observed, that, if such a law had been 
true, there would have been, corresponding to each initial ve^ 
loaty of a body, a certain spaoe which the body would d^Krribe 
-before its motion was extinguished ; and this space no drcum* 



YtaMM, escnept an kltmitioiii of the ioithd Telocity, tBodld have 
iBimaMd' or cKmmiflhed*' ■ It would have bcfen quite allowable 
to catt thia space the imrfjon ' belonging to the initial Velocity ; 
mody qaeakiD^^ coDJeocuraliy, it appears to me probable, (on the 
iiypotbefiB already made, and considering the mode in which 
taeb errors hove been applied,) that it would have been so cal- 
led. ' On this supposition, mechanical writars would have been 
able to assert, quite as truly, aad positively as they can at pre- 
sent, that no. body has any power to increase or diminish any 
gmaniiiff vf motion ivfhkii it might have received.* 

It seems to me eurioos that Dr Lardner should have been 
«Ui0fied with the 'reasoning: which he hasempbyed in the proof 
gd tUs law, or property as he terms it, of inertia, since he is 
4htt8'led.to use expressions which are at variance with his own 
.ohiervatiolis ra the proper phraseology for this subject. In 
p* 7 be makes an objecdon (as appears to me not well found- 
ed,) to the use of the term force for the cause of motion ; and 
■be adds, in the way of reason for bis olgection^ that^ <^ when 
causes.ace referred, to, it is implied that effects of the same 
dass arise from the agency of the same cause* However pm- 
bable this assumption may be,^ he says, '' it is altogether uo- 
necessary.^ But at page £8, when he is {M'oviug the property 
4fS inertia in his sense of uniform velocity, he says : **'tfae 
fame power which would cause a body moving at ten miles an 
hmit to increase its rate to eleven miles, would also cause the 
aame body at rest to commence moving at the rate of one mile 
An houn^ Here it is assumed, that the same cauee whieh'aug. 
ments the velocity of a body already in motion, must neeessa- 
lily reside and operate in the same body at rest. Indeed, 
there is in this case a good deal more taken for granted. It 
is implied that this cause would not only operate in the' two 
cases, but, moreover, that it would operate according to certain 

* It Is easy to obtain tbe fonnule for the mption of bodies which would 
be true in the case supposed. If 1 + n : 1 be the ratio of tbe velocity in two 
SQCoesdve seoonds, e the initasl velocity, v that after / seconds^ v 2=s 

e( 1 + n) — < . Also the whole space described with the initial velocity a wfM 

h&e — —• If n = -HisTT' the ratio of the velocities in successive seconds 

win be 1001 : tOOO, and the whole space described, lOOl.c^ 
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rules irhicfa.bdragtd the i^ednd Jaiir of taotioii'; tvldiiigeiiiiQtij 
*aft mticlt velocity to' a body already ia moUoo as it iwduld'baTe 
:<^inmunieated to the* same body at- teat. However trae'tbis 
stippositian rnvj be, manifestly it ought neither to be asserted 
iribout proof when it is introdbeed, nor introduced at att it 
proving a proposition more elementary than itself; aad cne 
which is necessarily supposed* when the rule* oenaemiiig. the 
addition of velooity is estdbtished. 

I am afraid many of yourreaderswiUconsidertheBe'diflBaa. 
sions as trifling and unproitableaubtletieB; \and wiH think that 
it cannot be a matter of an^ eonseqnenoe in* vhidi way we 
'iptovQ that which nil allow to be true. In .exeuae.of laytoou 
cupying your pages with remarks on /these aubyects^ Fm^fat 
plead, that sound thinking and accurate expresdon have uao- 
ally been oonsid^ed as essential to the respectability of adeace ; 
^nd, that if its more general difiuBioii is to beaceompanied by 
a contempt of these qualities, the advantages of the i^N^aid of 
knowledge will be grievously diminished^ But, if sudi a doo. 
trine be thought to be of too severe a cast for modem times, at 
4my rate we may venture to say, that^ if it id not worth while 
being right in such points, it cannot be necessary to waate 
"Words on them at all ; and that those who deliver a decided 
«iid professional opinion upon these reasonings, impose upon 
themselves the obligation of that patience and accuracy of 
thought which such investigations requiie Above all it is un- 
Teasonable to treat slightingly the abstroder speculations be- 
longing to the fundamental points of mechanical phibsc^hy, 
and at the eome time to (»rry these speculations so far, and to 
conduct them so erroneously, as to loee sight of the dqtend- 
ence of onr principles- upon experi^iee. It is doing great in- 
justice to this magnificent department of human knowledge, to 
ekhibit its doctrines as a set of consequences flowing merely 
from the relations of certain abstract terms and arbitrary 
definitions^ instead of making them, as they ought to be 
made, a truly inductive science, concerned with, and collected 
from the di>8ervation of physical facts. The collection, the 
analysis, and the generalization of these facts,, occupied several 
generations of acute and laborious intellects; an4 that the 
principles now appear almost self-evident, shows how com- 



fikldy . die tmk n^as* ezec^iflec}, aiid h&^ WeR the exptenSions 
belonging to the science answer the pnrposes contemplated in 
iheir selection^ but we riiall make a strangely perverse use of 
these advantages^ if we begin to ifiaagine that the laws of mo* 
tion are coBstitated or upheld by the words which are conve- 
mesA for their expositiott. 

• I am persuaded that Dr Lardner will not be disposed to 
take offence at these observaUons, which have for their object 
to place in the true point of view the fundamental principles 
of a science whkli he has succcfssfully cultivated. It will be 
dear to all your readers, that what has been said implies no 
yemidi in that part of the treatise which is employed in the 
j^lication of these principles.—*-! am, my dear Sir, yours, &c. 

T&ijffiTY College, Cambridge, W. Whewell. 

May 10, 18S0. 

fAt&T. XVIL-^0»> the Improvement cf the Microscope. By 
: H- Coni>iMca:oN, M. A. F. R. S. Fellow of Trinity Col- 
. kge, and of the Cambridge Philosophical Society. * 

'Amoxg the numerous excellent suggestions which Dr Brews- 
ter has from tiihe to time thrown out to those engaged in the 
Hieory or the practice of Optics, there is one wbich appears 
io have beeii most unworthily, and most unaccountably, ne- 
glected. It ii^ that of substituting a ^Tiere for a hfis in the 
Construction of a microscope. This is the more, surprising, as 
many person^ of great eminence have, of late years, turned 
their attention to the improvement of this instrument, in wbich 
pursuit they have spared neither time, labour, nor expence. 
The only reason which I can give for this is, that as, until the 
itrvestigations of Professor Airy, which are contained in. the 
present volume of the Transactions of this Society, nobody, 
unth the exceptions of Dr Young and Dr Wollaston, ever 
dared to appiroach the thorny subject of the oblique refraction 
of a pencil of rays by a lens ; almost all other persons have been 
satisfied with aideavouring to show, as distinctly as possibly 
one individual pcnnt of a<i object^ trusting that the rest would 

* Slightly abridged from the Transactions of ike Cambridge Pbilosophir 
col Society* 
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follow of itself^: or giving upra^'hcpd^iiiB, the xden or^prodiici^ 
ing a good and large field of view. 

To those who have studied the. oooatruction. of the cbm^. 
pound microscope, an analogy presentft itself, very naturally^ 
between that instrumept and the telescope. .In each there is 
an image formed, which is seen through one or more leiisei^ 
(Constituting what is technically termed in the former case the 
bo(fy<i in the latter the eye-piece^ 

The progress oF these instruments has been curipudy similar 
in some respects. . The first step of any consequence in the 
case of the telescope, w^s Huyghens^s eye-pi^ce^ which, be* 
^ides the merit supposed by its authiH*, of diminishing the 
errors arising from aberration, had one, much more importaiKt, 
which he did not contemplate, the correction of the coloured 
fringes, seen about every.part of the image,: except that pre- 
cisely in the centre. Ramsden then succeeded in making an 
eye-piece, which ^ves a flat field of view, when that point iv 
particularly important, and finally^ tbeinstrumoit has been 
made perfect, by substituting for the .simple object glass, an 
achromatic and aplanatic combination of lenses. In the com- 
pound microscope, the first point, (the correction of the ob- 
loured fringes,) has been completely attained ; on the second, 
much labour has been bestowed by practical opticians, but 
with little success ; the third has ' lately occupied some of t|ie 
most distinguished theorists and artisans, who have been emu 
nently successful, but the difficulty and expense necessarily 
attending their processes, are so great, that but few persons 
can derive any benefit from their exertions.* , 

In making a comparison between the telescope and micros.- 
cope, it must be observed, that some difficulties, and sources of 
error, which in the former are so small as to have been over.- 
looked, are in the latter of the greatest and most palpable im«- 
portance. The image produced by the object glass of a telesh 
cope is usually considered as perfectly plane, and equally dia- 

* Mr Tulley has Just finished an achromatic microscope ordered for Lord 
Jk^ley, i|hottt fix months ago. This instrument^ whidi I have seen^ is a 
m90^fff]pm^o€9Xt, but I belitve that the above eminent o)>tieian has beeto 
obliged to make the object-glass with his own hands^ and the price is Ar 
beyond the reach of most naturalists. 

4 
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tinct in all its parts, and- thift supposition is qaite sufficientlj 
accurate, because akhough the image giren by a lens with 
centrical pencils, is on the whole very much curved and very 
indistinct, so small a part of it is employed in this case^ and 
that only the most perfect, that the defects are usually quite 
insiensible in practice. 

I have shown, {Treatise on the Beflection and JRefraction of 
Lights Art 146.) after Dr Young and Professor Airy, that if 
we represent by 

\ the aperture of the object glass, 

;:, the distance of a point of the image from the axis^.^ 

y^ the focal length of the Ifens, 

ky the distance of the image from the lens, 
the iiidistincthess is proportional to the diameter of the least 
sface over which a pencil is diffused, the value of which is 

w 

' Now in a telescope, z being nearly equal to the semi-aper- 
ture' of the field-glass,. is very much less than/, to which ki» 
equal, and as a high magnifying power is produced by means 
of a powerful eye^piece,> applied to an object glass which is 
.never changed^ and as the apertures of the lenses used for 
eye* pieces, of the same kind, are usually proportional to th^r 
jbcat lengths, the higher the magnifying ppwer^the less is th^ 

fraction 77 or -p^. For ihstance, in a five foot telescope, it is 

-seldom, if ever, greater than tt^a> ^^^ <>ft^^ ▼ery much less, 

Xa* I 

'SO that the value of the quantity ^ is- about /yoTjjf 

In a microscope,, on the other hand, /is a very small^ quan- 
tity^ though, k is, not «o, and the, magnifymg po.wer is raised 
by applying an object-glass of shorter focus to the same body. 
The following values are» I believe, such as might fairly occur.: 

^^ W ' - 1-'-^= T'^ k = S. These give;^^^ i. 
which as, .with different obje^t-gla^s, z and k are constant, 
and X usuaUy prpj^ctional U>Ji may be considered as its ^ne. 
ral value. " * 
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Again, in' a telescope, tlie pardon of the image usied is i 
Mb)y flat, though the radios of ounratureofeyery sucbimage^ 
is about fths of the focal length of the object-glass : but in 
the microscope it is evidently far otherwise, so that were the 
whole image distinct, it would still be imposnble to have any 
great extent of it distinctly visible at once ; and this objection 
applies in full force to the most perfect achromatic dbject*glass. 
Now with a sphere, properly cut away at the tentre so as ta 
reduce the aberration, and dispersion, to insennble quantities, 
which may be done most ccnnpletely and most easdly, as I have 
found in pracUce, the whole image is perfectly distinct, what* 
ever extent of it be taken, and the radius of curvature of it is 
no less than the focal length, so that the erne difficulty is en- 
tirdly removed, and the other at least diminished to cme-half. 

Besides all this, another advantage appears in praotiee (» 
attend this construction, which I did not anticipate, and for 
which I cannot now at all account. I have stated that whett 
a pencil of rayd Is admitted into the eye, wliieh, having passed 
without deviatiofi through a lens, is b^itby the eye, the visiM 
is neveir free from the coloured fringes produced by excentri^ 
dispersion. Now with the sphere I certaioly do not perceive 
lilts defSect, and I therefore co^eeive that if it were possible to 
make the spherical glass on a very minute soale, it would be 
the most perfect simple mictosoope, exo^t perhaps Dr WcJ. 
Jaston^s doublet, than which I can hajrdly imagine anything 
more excellent as far as its use extends, its only defects being 
the very small field of view, and theiminractica^iUty of apply- 
ing it, except to transparent objects, seen by transmitted light 

Now the sphere baa this advantage, that whereas it makes 
a very good simple microscope, it is more peculiarly fitted 
for the object-glass of a compound instrument, since it gives 
a perfectly distinct image of any required extent, and tha^ 
when combined with a proper eye-piece, it may without diffl. 
•culty be employed for opaque objects. I have, therefore en- 
deavoured Qo to comrbine .|(t, and tliis has been my principiil 
difficulty ; for the systems of lenses wbich I have found employ- 
'cid for this purpose', are so imj^roperly constructed, that I have 
been forced to have one made ftom origind oalcidatiohs, and g^t 



tools ^jonstructed on purpoae^ wbieh has seoesMtly b^B 9!U&pd^ 
ed with some delay. 

. The principle which I have adopted, after one or two pre- 
viou& trials, may be explained as follows. 
. One great cause of the excellency of Huyghen'^s eye-piee^^ 
is the condition which he himself designed to fulfil^ namely,, 
that the bendiiig of the pencil is equally divided between the 
two lenses. Now this may be done for a microscope, thus : 

Let .0 (Fig. 2, Plate I,) be the centre of the object-glass^, 
F the place of the field-glass, 
. E ' ■ — eye-g^ass. 

Let QF =;= 2 inches, (for example) 

And let the focal length of the field-glass be 1 inch, 

, , . i — ■■ eye glass — J inch . 

These values satisfy the conditions of achromatism, and it will 
^aaUy .be seen, that if F be the place wheretbe pencil tends to 
cross the, axis after refracpon at the field gWss,, and z that 
7i;her^ it actually erosses.after emerging from the eye-glass, thQ 
an^^.of flexm*e^ at f^ach lens, is doi^ble of the origioi^inclina; 
^p pf the pendl, tp (he aids.. 

. This ^impIe system, is^ however, not appUoable, i^ it is im^ 
possible .to i^tisfy the cqiiditiop necessary for peicfeot distinct^ 
nejss^ much }f»ss.that for .destroying, as jfar as possible, the con- 
vexity pf tbe,£eld* These may, however, be very readil^ 
satisfied by employing two lenses of equal .power, in each pleuc^ 
instead of one. . The mo^t proper forms pf the lenses are those 
shown in Fig. 3, the field-glasses and the second eye-glass 
being of the m^sciis form, and the first eye*glass equi.'^oon- 
vex. I have found no sensible error arise from the substitUi- 
tioA of planorconypx lenses for the menise^s glasses, ji^hich 
are .difficult and expensive to form. Theory jndic^^* a fur- 
ther flattening of the field, to be made by separating the eye- 
glasses a little, which requires the distance of the first eye- 
glass from the field-glasses, to be diminished by about haif 
as much ; I cannot i^y, however, that I peroeiye any improY<W 
Qie^t^iaing from thi^ ^teration^in praqtic^ aQd..as ^he .fielfl 
in quite, j9at enouj^ w^th the eye-gUssjesi in contact^ and any 
further diminution of the apparent convexity, can be gained 



only by a sacrifice of distinctnesB^ I cannot on the whole, to^ 
commend it. I have not, however, yet had the instruaient ift> 
a sufficiently perfect state of adjustment, in other respects, to 
be able to give a decided opinion on this point. This sj^stem, 
as it will easily be seen, gives a magnifying power of 3 to the 
ey^-piece, so as to multiply, by that number, the power of the 
object-glass. It would be easy, if necessary, to produce a 
higber magnifying power, by employing lenses of shorter focal 
lengths, regard being had, in each case, to the proper condition 
of achromatism. Thus several different eye-pieces migh t be in- 
serted at pleasure into one tube, in the same manner as it is us* 
ual to vary the magnifying power of a telescope. I have not 
yet tried the effect of this, but I suppose it may- be necessary in 
fq>pl3ring thie microscope to opaque objects, as the difficulty of 
Qluminating'them almost precludes the use of a powerful ob^ 
ject-glass. 

' I do not pretend to give this as a peHTect instrument— -i^ucb 
less as one that will answer all purposes ; but having triied it 
in a very rough state, and with a moderate magnifying powers 
on various delicate test objects, all of which it shows vety 
satisfactorily, not excepting the striae on the scaleii of the 
TodurB^ which Mr Pritchard, the inventor of the diamond and 
sapphire lenses, says are only just discernible with the most 
fierfect instruments, I see no reason to doilbt that, when care* 
fully executed, it will be found very effective, and that the 
Naturalist may be furnished, at an expence not exceeding five 
or six guineas, with a microscope which will perform nearly all 
that can be expected from that instrument* 

Fig. 4. represents the microscope, as I have directed it t^ 
T)e made by Mr Cary. 

Trikity College, H. Coddingtok. 

AprUSS, 1890. 



Abt. XVIII. — On the law ofihe partial polarizatum of Lighi 
^Mf reflexion. By Davip Beewsteb, Lt*. D. F.R.S. L. & E. * 

Ik the year 1815 I communicated to the Royal Society a se- 
iies of experiments on the^ polarization of light by succettive 

' * From the PhiL Trans. 1830. Part I. p. 69—84. 
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refl^ckms, which eodtain Uie germ of the mtestigations, the 
mults of whkh I now propose to explain. 
: Frtak these experinaebts it appeared that a ^ven pencil of 
light could be wtioUy polarised at any angle of incidence, pro- 
tided it underwent « (Sufficient number of reflexions either at 
angles trbollj above or wholly below the nsaximum polariantlg 
a:nglei or at angles partly above and partly below that angle ; 
and it was scarcely possible to resist the conclustort that the 
light not polarized by the first reflexion had suffered a physi*^ 
cal change at each action of the reflecting force wfaidi brooght 
it nearer and nearer to the state of complete polarization. This 
opinion, however, which I have always regarded as demon-* 
strable, appeared in a different light to others. Guided prou 
bably by an experimental result, apparently though not r^Iy 
hostile to it, Dr Young and MM. Biot, Arago, and Frenidl 
have adhered to the original opinion of Malus, that the reflected 
«id refracted pencils ccMisist partly of light wholly polarized, 
and partly of light in its natural state ; and more recently Mi^ 
Herschel has given the weight of his opinion to the same view 
of the subject. 

Under th^se circumstances, I have often returned to the itbi 
yestigation with renewed zeal ; but though the frequent repe^ 
titton of my experiments has more and more convinced me ct 
liie truth of the conclunons which I drew from them, yet I 
have not till lately been able to place the subject in a satis** 
fiictory aspect^ and to connect it with general laws, which ^t6 
a mathematical form to this fundamental branch of the science 
of polarization. 

If we consider a pencil of natural light as divided into two 
pencils polarized in rectangiilar planes by the action of a doubly 
refracting crystal, and conceive the light of these two peofcils 
to return back through the crystal, it will obviously emerge in 
the >rtate of natural light. When we examine the pencil thus 
recomposed, or when we examine a pencil consisting of t^d 
4^positely polarized pencils superposed, we shall find that they 
comport themselves under every analysis exactly like common 
light ; so that we are entitled to assume such a penoU as the re^ 
pretentative of natural light, and to consider everything that can 
be established cespeoting the one, as true respectbg the other. 

NEW SEBIES, VOL. IIL NO. I. JULY 1830. L 
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In applying this principle to the analysis of the phenomenir 
produced by reflexion, I placed tb^ planes of polarization o^ 
tbe compound beam in the plane of reflexion ; but though this 
led to some interesting conclusions, it did not develope any ge- 
neral law. I then conceived the idea of making the plane of 
reflexion bisect the right angle formed by the planes of polari-^ 
zation ; and in this way I observed a series of symmetrical ef- 
fects at difierent angles of incidence, which threw a broad ligbt 
over the whole subject. 

In order to explain these results, let A, B, Plate I. (Fig. 5,) 
represent the two pencils of oppositely polarized light as sepa^i 
rated by double refraction ; let a 6, cd be the directions of their 
planes of polarization, forming a right angle aeCy and let the 
plane of reflexion M N, of a surface of plate glass, bisect the 
angle a ^ c, so that the planes ab,cd form angles of + 45^ 
and — 46° with the plane M N. Let a rhomb of calcareous^ 
spar have its principal section now placed in the plane of re- 
flection. 

At an incidence of 90°, reckoned from the perpendicular, the 
reflected images of A and B suffer no change, the angle a e c 
is still a right ailgle, and the four pencils formed by the calca- 
reous spar are all of equal intensity. As the incidence, however,' 
diminishes, the angle aec diminishes also, and the ordinary 
and extraordinary images of A and B difier in intensity. At 
an incidence of 80^ for example, the angle aec\% reduced frinti 
90° to 66^ ; at 70° it has been reduced to 40°, and at 56^ 45^, 
the maximum polarizing angle, it has been reduced toO^; that 
is, the planes of polarization ab^cd are now parallel: Below 
the polarizing angle, at 50^, the axes are ^gain inclined to each 
other, and form an angle of £2*^. At 40° they form an angle of 
£0% and at 0^, or a perpendicular incidence, they are again 
brought back to their primitive inclination of 90^. Taking 
JVi N to represent the quadrant of incidence from 90° at M, X/b 
(P at N, the curves, 90% 0% show the progressive change which 
takes place in the planes of polarization^ the plane of polari2ft« 
tion being a tangent to the curve at the incidence which cor- 
responds to any particular point of it. 

When we employ a surface of diamond in place of glasi^ 
the incUnatifxi of the axes a 6, Cid.is reduced to 46° at an-inci* 
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dence of 80% to 9P at an incidence of 70^, and at 67'' 48' the 
axes become parallel. 

Such being the action of the reflecting forces upon A and 
B taken separately, let us now consider them as superposed 
and forming natural light. At 90^ and 0° of incidence^ the 
reflecting force produces no change in the inclination of their 
axes or planes of polarization ; but at 56"^ 45' in the case of 
glass, and 67" 43' in the case of diamond, the axes of all the 
particles are brought into a state of parallelism with the plane 
of reflection ; and consequently when the image which they 
form is viewed by the rhomb of calcareous spar, they will all 
pass into the ordinary image, and thus prove that they are. 
wholly polarized in the plane of reflection. 

All this is entirely conformable to what has been long known : 
but we now see that the total polarization of the reflected pen-^ 
cil at an angle whose tangent is the index of refraction, i& ef- 
i«scted by turning round the planes of polarization of one-half 
of tk light from right to left, and of the other half from left 
to rights each through an angle of 45^ Let us now see what 
takes place at those angles where the pencil is only partially. 
polarized At .80° for example, the angle of the planes a i, cdf 
is 66^, that is, each ^ane of polarization has been turned round, 
in opposite directions from an inclination of 45** to one of Sd"" 
with the plane of reflectioD* The light has therefore suffered 
a. physical change of a very marked kind, constituting now 
neither natural nor polarized light* It is not natural light, 
because its plane$ of polarization are not rectangular ; it is not 
polarized light, because they are not parallel. It is a pencil 
of light having the physical character of one^half of its raysf 
being polarized at an angle of 66^ to the other half. It will 
now be asked, how a pencil thus characterized can exhibit the 
properties of a partially polarized pencil, that is, of a pencil 
part of whose light is polarized in the plane of reflexion, while 
the rest iretains its condition of natural light. This will be 
understood by replacing the analyzing rhomb with its principal 
section in the plane of reflexion, and viewing through it the 
images A and B at 80*^ of incidence. As the axis of A is in- 
clined'SS^ to MN or the section of the rhomb, the ordinary 
image of it will be much brighter than the extraprdinary image 
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tb^ intensity of each being in the ratio of cos ^ f to ^ ^ 9, 9 be* 
ing the angle of inclination, or SS"" in the present case. In like 
maimer the ordinary inoagepf B will be in the same ratio 
brighter than its extraordinary image, that is, by considering 
A and B in a state of superposition, the extraordinary image 
of a pencil of light reflected at SO*" will be fainter than the or- 
dinary image in the ratio of sin ^ 33° toi cos ^ 33°. But this in- 
equality in the intensity of the two pencils is precisely what 
would be produced by a compound pencil, part of which is 
polarized in the plane of reflexion, and part of which is common 
light. When Malus, therefore, and his successors analyzed 
the pencil reflected at 80% they could not do otherwise than 
conclude that it was partially polarized, consisting partly of 
light polarized in the plane of reflexion, and partly of natural 
light. The action of successive reflexicms, however, afibrded 
a more. precise means of analysis, in so far as it proved that 
the portion of what was deemed natural light had in reality, 
sufi^ered a physical change, which approximated it to the 9tate 
c£ polarized light ; and we now see that the portion of what 
was called polarized light was only what may be called appa-, 
rently polarized ; for though it disappears, like polarized light, 
fbom the extraordinary image of the analysing prism, yet there 
is not a single particle of it polarized in the plane of reflexion. 
' These results must be admitted, to possess. considerable in- 
terest in themselves ; but, as we shall proceed tp show, they 
l^ad to conclusions of .general important. Th^, quantity of 
light which disappears from the extraordinary image,; i^. pbvi. 
ously the quantity of light which isi really or a^^rently pola- 
rized at the given angle of incidence ; and if we admit the 
truth iof the law of repartition discovered by Malu^^ a^d repri^ 
sented by Poo = Po cos 2 f , and Poe =.Pp sin « f , and if . we c^n 
determine <p for substances of every refractive po^er^ and for 
all angles of incidence, we may consider as established the ma- 
thematical law which determines the intensity of the polarized 
pencil, whatever be the nature of the body whiqh reflects it, — 
whatever be. the angle at which it is inciden^r-whatev^r be 
the number of reflexions which. it. safiers,.aj»d whether these 
reflexions are all made from .one substance, c^. partly from ope 
substance and partly from another. 
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The first step in this investigation is to determine the law 
according to which a reflecting surface changes the plane of 
polarization of a polarized ray. This subject was first examin- 
ed by Mains, but not with that success which ajttended most of 
his labours. Before I was acquainted with what had been done 
by M. Fresnel, or with the experiments of M. Arago on glass 
and water, I had made a number of very careful experiments 
on the same subject, and had represented them by formulae 
founded on the Ij^w of the tangents. These formulse, however, 
I found to be defective ; and I am persuaded, from a very ex- 
tensive series of experiments, that the formulae of Fresnel are 
accurate expressions of the phenomena under every variation 
of incidence and refractive power. If i is the angle of inci- 
dence, i' the angle of refraction, £c the primitive inclination of 
the plane of the polarized ray to the plane of reflexion, and ® the 
inclination to wnich that plane is brought by reflexion, then, 
according to Fresnel, we have 

rn ^ -. COS (i -f i') 

Tan f s=t tan ^ — )^-^f 
cos (« -|- r) 

.When w \» 4B^i as in the' preceding observations, then 

tan4^ =: 1, and wehaVe ' .' ^ 

' Tanirz^ili^; 

In these formuise, which are founded ort tbe'liwof th6 tan- 
gent8» t + t' is the supptemem of 'the angle which the Wflect- 
^d'ray forms with the refracted ray ; while «"^^'f ib'die angle 
which the incident ray forms with the refracted ray, or the 
deviation produced by refraction. 

These formulae have been verified by M. Arago at ten tin- 
gles of incidence upon glass, and four upoh water ; but his 
experiments were, made only in the case where w is 46*^, and 
where tan a disappears from the formula. As my experiments 
embrace a wider range of substances, and also the genet-al 
case where w varies from 0** to 90% I consider them as a neces- ^ 
sary basis for .a hiw of such extensive application. ^ 

The first series of experiments which I made was upon plate 
glass, in which the maximum polarizing angle was nearly S6^ : 
hence I assume the index of refraction td be 1.4826. The 
following were the results ; 
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These resultSy obtained in every part of tbe quadrant, com- 
pletely establish the accuracy of the formula. The differences 
are all within the limits of the errors of observation, and 
amount, at an average, to 9&\' on each observation. 

In order to establish the accuracy of the formula for difle- 
rent degrees of refractive power, I made the following experi- 
ments on diamond, in which the index of refraction was 9.440. 







Diamond. 




Angle of 
InddflDce. 


Angle of 
Reflraction. 


Inclination of Plane of Pblari* 




zation to Plane of Reflexion. 
Observed. Calculated. 


DiflBbrenoe. 


90'' 0' 


24^ 12' 


45^ 0' 45* 0' 


0° 0' 


85 


24 6 


84 80 38 56 


+ 34 


80 


28 48 


24 28 12 


+0 48 


75 


23 19 


14 80 18 8 


+ 122 


70 


22 89 


4 80 8 54 


+0S6 


67 48 


22 17 








60 


20 47 


12 30 1141 


+0 49 


50 


18 18 


24 38 80 


-t-0 80 







Plate Glass. 




A ^ 1 tf 


Angle of 
ReArantion. 


Inclination of Plane of Polaris 




Angle of 
Incidence. 


zation to Plane of Reflection. 
Observed. Computed. 


DiflGbrencc. 


90* 


0* 0* 


45* 0' 45* 0' 


0^0' 


88 


42 28 


48 4 42 49 


+0 «t5 . 


S6 


42 17 


40 48 40 36 


+ 7 


84 


42 8 


88 47 88 22 


+0 25 


80 


41 87 


83 18 M 46 


—0 38 


75 


40 40 


28 45 27 41 


+ 1 4 


70 


89 20 


22 6 21 8 


+ 1 3 


65 


87 41 


14 40 18 5S 


+0 47 


60 


85 45 


6 10 6l6 


—0 6 


56 


84 








50 


81 22 


9 9 





45 


28 29 


16 55 16 31 


+0 24 


40 


25 42 


22 37 28 1 


—0 24 


30 


19 43 


32 25 83 19 


—0 54 


20 


13 20 


39 6 40 4 


—1 4 


10 


6 44 


44 43 49 


+0 11 
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'' These differenoei^ whidi at an average amount to 46^', are 
«lsD within the liiAits of the errors of observatioo- 

In all these experiments the value of or was 45^ ; but in 
order to determine the law of variation for f, when of varies 
from 0^ to SO"", I took a crystal of quartz with a fine natural 
surface parallel to its axis; and I found that at an angle of 
incidence, of 75% and when a was 45% the inclination of the 
plane of polarisation to the plane of reflexiion was 2&'2(y. I 
then varied jfy aiid obtained the following results : 



Values of x. 


inciinavHin UE ra 
f Observed. 


f Calculated. 


Diflference. 


0° 


O^'O' 


0°0' 


0*^0' 


10 


4 54 


4 29 


+0 25 


20 


10 


10 16 


—0 16 


SO 


15 50 


16 2 


—0 12 ' 


35 


«0 


19 12 


+0 48 


40 


23 30 


22 40 


+0 50 


45 


26 20 


26 27 


—0 7 


50 


SO 


30 40 


— O40 


55 


85 30 


35 23 


+0 7 


60 


40 


40 45 


—0 45 


70 


53 


03 49 


—0 49 


80 


70 


70 29 


.—0 29 


90 


go 


90 






In these experiments the average error does not exceed half 
a degree. The third column is computed hy the formula 
Un f = (tan 26°.«T> tan or. 

From these experiments it appears that the formula expres- 
ses with great accuracy all the changes in the planes of po- 
larization which are produced by a single .reflexi'on, and we 
may therefore apply it in our future investigations. 

Let us now suppose that a. beam of common light composed 
of two portions A, B, (Plate I, Fig. 6.) polarized + 45° and 
— 45° to the plane of reflexion, is incident on a plate of glass 
at such an angle that the reflected pencil composed of C and D 
has its planes of polarization inclined at an angle f to the plane 
M N. When a rhomb of calcareous spar has its principal sec- 
tion in the plane M N, it will divide the image C into an ex- 
traordinary pencil E and .an ordinary one F ; and the same 
will take place with D, G being its extraordinary and H its 
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ofdio^y ittiage. If me tefteietst > the wkok jo£ ithe jseflected 
pencil or C + D by 1, then C = |, D =i |, E + F= I, and 
■G + Ht=: 1. But since the planes of f)olaruBatien<of Can3D 
are each inclined p degrees to ^the pnncipal seetk>n iof the 
Thdmb, the intensity 'C^ t^e light of die doubly rrfracted qoeh- 
cils will be as «in< </> : >co6^'^ ; (^atis^ tbe intensity of £ will 
be i sin* ^, and that of F, J cdfe* ^^ Hence k fellows that 
the difference of these pencils, or j sin? p -**- 1 cos* ^9, will.exi- 
press the quantity of light which has passed from the extra- 
ordinary image E into the ordinary one F, that is, the quan- 
tity of light apparently polarized in the plane of reflexion MN. 
But as the same is true of the pencil D, we have 2 (J sin* f>— 
} cos* <p) or sin* <p — cos* p for the whole of the polarized light 
in a pencil of common light C + D. Hence, since sin* <p + 
cos* 9 ::=: 1 and cos* 9 5= 1 — sin* p, we have for the whole 
quantity of polarized light 

Q = 1—2 sin* p. 

But Tanf=tana^221^,±^^ 

And as Tan* 9 = ?^, and sin* + co8« © = 1, 

cos* 9' r i^ r > 

we have the quotient and the sum of the quantities sin* (p and 
cos* <Pf by which we obtain 

y- C08(« 1')/ ^ \ C08(t— l')/ 



ThafisQ— 1— a 



/tan*^±i:)V 

V cos(t — i')^, 

1.4. (tanjp ^- vx l 

V C08(l— l')/ 



As the. quantity of reflected lightjs h^re supposed.to be 1, 
we may ibtain an expression of Q in terms of the incideiit light 
by adopting the formula of Fresne) for the intensity oif ^ re- 
fleeted ray. Thiis .* . 

. .,. . ' • /«»(»+fO\* 



As tan 0? =: 1 in oommon ligbC) it* 5s omitted in the preced- 
ing formula. 

This formula may be adapted to partially polarized rays, 
that is, to light reflected at any angle diflerent from the angle 
of maximum polarization, provided we can obtain an expres- 
sion for the quantity of reflected light. 

M. FresnePs general formula has been adapted to this spe- 
cies of rays, by consideringthem as 'consisting of a quantity a 
of Kght completely polarized in a plane making the angle a 
with that of incidence, and of another quantity 1 ... a in the 
state of natural light. Upon this principle it becomes 

_ ^ sin* (t — t') 1 4- g cos* x tan* (t — t^) 1 — a cos* x. 

* •" 8iii*(i|+T) * 2 "^ tan* (t— 7) * "1 

But as we have proved that partially polarized, rays are rays 
whose planes of polarization form an angle of 9,w with one 
another as already explained, of being greater or less than 45^, 
we obtain a simpler exprea^on for the intensity of the reflect- 
ed pencil, viz. the very same as that for polarbed light. 
8in*(t — i') , , tan*(i — f'O . . 
sm* (i 4- r) tan* (t + t') 

Hence we have 

^ /8in«(f — t') . . tan*(» — »0 . , 
Q = I . >;. . .,; cos* w + ^ «;. . .' sm* m 
^ \sin* (i 4- 1') tan* (i + i') 

A^ cos(t — f')/ 

This formula is equally applicable to a single pencil of po- 
larized light of the same intensity aa tlie pencil of partially 
pplarized light. In all these cases it expresses the quantity of 
light really or apparently polarized in the^plane of reflexion. 

{n order to show the quantity of light polarized at differ- 
ent angles of incidence, I have computed the following table 
for common light,, and suited to g}||ss ip whiph m = 1.525. 
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'■ . ■■:■:■' FiATkCrhABti. 

Incidence. Uefr«.- rizaUon to J^'firf Cf?!?^-^ S^i 



tion. f'' Plane 6f Re- 



Uays. 



Light Q. 



Light. 



O 
10 
20 
25 
30 
S5 
40 
45 
50 
56 
60 
6S 
70 
75 
78 
79 
80 
82 
84 
85 
S6 
87 
88 
89 
90 



O 
O 








45 




O 




44 





O 














6 32 


12 58 


16 5 


19 8J 


22 6 


24 56 


27S7i 


SO 9 


33 16 


34 36 


36 28 


38 2 


39 18 


3d' 54 


40 4 


40 13 


40 35 


40 42 


40 47 


40 51 


40 54 


40 57i 


40 58 


40 58 



45 
43 51 
40 13 
37 21 
33 40 

29 8 
23 41 

17 22^ 
10 18 

Oi 
5 4 . 
12 45 

18 32 
26 52 

30 44 

31 59 
33 IS 
36 22 
38 2 

12 
22.7 
32 
42 
51 




S9 
40 
41 
42 
43 
45 



' 43.28 
43.39 
43.41 
43.64 
44.78 
46,33 
49.10 
53.66 
61.36 
79.5 
98.31 
124.86 
162.67 
257.26 
3^9.95 
359-^7 
391.7 
499-44 
560.32 
616.28 
676.26 
744.11 

8 19.9 
904.81. 
1000,0 



Q 

1.74 
7.22 
116 
17.25 
24*37 
33.25 
44.09 
57 36 
. 79*5 
9h6 . 
112.7 
129.8O 
152.54 
157.67 
157.69 
156.6 
145.4 
134.93 
123.75 
108.67 
89.83 
65.9 
36.82 





0.04000 
O.I66I8 
0.26388 
0.3853 
0.5260 
0.677s 
0.82167 
0.9360 
l.OOd 
0.9628 
0.90258 
0.79794 
0.59154 
0.47786 
0.48892 
0.40000 
0.29112 
2408 
0.2008 
0.16068 
0.12072 
0.0804 
0.04014 
00000 



As the preceding formula is deduced from principles which 
have been either established by experiment or confirmed by 
it, it may bfe expected to harmonize with the results of obser- 
vation. At all the limits where the pencil is either wholly po- 
larized or not polarized at all, it of course corresponds with 
experiment : but though in so far as I know there have been 
no absolute measures taken of the quantity of polarized light 
at diflerent incidences, yet we are fortunately in possession of 
a set of experiments by M. Arago, who has ascertained the 
angles above and below the polarizing angle at which glass and 
water polarize the same proportion of light. In no case has 
he measured the absolute quantity of the polarized rays ; but 
the comparison of the values of Q at those angles at which he 
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found them in equal proportion^, wijUaflbnl a te^<>f this i^ 
xuracy of the foraiuku Tlus comparieon is shown in the fol- 
lowing table, in ^srhich coL 1, contains the angles ^t which the 
reflecting surface .polarizes equal proportions of light; col. 3, 
the values of f or the inclination of the planes of polarizalion.'; 
and coL 8, the intensities of the polarized light computed from 
Xhe formula. > 

Angles of. Inclination of planes Proportion of 
Incidence t. of polarization to M N, polarized) Ugbt 
or p, or Q. 

82*>88' 87^83' .2672 

24 18 87 «1 .2637 

f 88 6 86 47 .2828 

<«6 6 86 .8090 



Glass : No. 1. 
No. 8. 



{ 



Nr« fl J "J^ ^ 32 38 .4186 

^* ^' 1 89 48 88 1 .406* 

Water- No 4 J^ *^ *' ^* ^OSO 

Water. No.4. jjg jg ^^ ^ ^^^ 

The agreement of the formula with experiments made, with 
ao: great accuracy as the subject will admit must be allowed tp 
be very satisfactory. The differences are within the liraito of 
th? errors of observation, as appears from the foUowii^ tables 



Deviations fripm ' 
Experiment. 
Glass: No. 1. 0.0066 


Part of the 
whok light. 


No. 2. 0.0262 


A 


No. 3. 0.0122 


.V 


Vater : No. 4, 0.0156 


J^'z 



M. Arago has concluded, from the experiments above stated, 
that equal proportions of light are polarized at equal angular 
Pittances from the angle of complete pdarization. Thus m 
^ass No. 1. the mean of 82^ 48' add 24'' 18" is 59' 33", which 
d<^ not differ widely from the maximum polarizing angle, or 
55^ which M. Arago considers as the maximum polarizing 
«Dgle of the glass,* In order to compare this principle with 
the formula, I found that in water No. 4. the angle which po- 
larizes ahndsi exactly the same proportion of light as the angle 

• Hence we have assumed m = 1.488, the tangent of 55", in the pre- 
ceding calculations. 



Ifj'S t)r Brewster on the law of the 

of 869 8V, fe 16<^ la, the value of (p being 4P 64^ at botb 
theses angles } but the mean of these is 50° SC in place of BSP 
IV ( so that the rule of M. Arago cannot be regarded as cor- 
rect, and cannot therefore he employed, as he proposes, to de- 
tenuine the angle of complete polarization. * 

The application of the law of intensity to the phenomena 
of the polarization of light by successive reflexions, forms a 
most interesting subject of research. No person, so far as I 
know, has made a single experiment upon this point, and those 
which I have recorded in the PhUosophieal fransactions for 
1815, have, I belie\[e, pever been repeated. All my fellow 
labourers,, indeed, have overlooked tl\em i^ insignificant, and 
have even pronouncQjd the results whiqb floWffrom'ihem to be 
chimerical and unfounded. Those imn)^^£^le truths, how- 
ever, which rest on experiment, mu$t diitzi^ately' have their 
triumph ; and it is with no slight 8atisfa<;tioip, that, after fifr 
teen yeaf s of unremitted {labour, I am enadt>|e^ liot only to de- 
monstrate the correctness of my former experiments, but to 
present then! as the necessary and calculable results of a gene- 
ral law. 

When a pencil of common light has been reflected from a 
transparent surface, at an angle of 6P 3' for example^ it has 
experienced such a physical change, that its planes of pola- 
rization form an angle of 6^ 45' each with the plane of re- 
flexion. When it is incident on another similar surface at the 
same angle, it is no longer common li^t in which (v = 45% 
but it is partially polarized light in which w ssG* 45'. In 
computing, therefore, the efiect of the second reflexion, we must 

take the general formula tan f =: tan a; ( ^^/^^ J J ; but, 

1^ %he value of a is alwuy.s in the same.riEitio to the value 
off, however gre^t \)e the number of r^exions, we hAve 
tan 6 ^ tan** <p for the incliipl^ion 4 to the plane of reiexion pro- 
ducedi by any number, of reflj^xioDs n, f .being -the indhiation 
for one reflexion. Hence wbjen ^ ia given by ot^servation, We 

'6i The form ula for any niim per np{ xeflexV>ns 

* It ia obvious that tfie rule pan only be true when m = 1 .000 ; so that 
ita error increasea with the refractive power. 



partial pohurvioiUm of Light fry r^aion, 173 

is therefore tan <p = ( cos (t -h i ) ) • ^^ '* evident that B never 

can become equal to 0^; that is, that the pencil cannot be so' 
completely polarized by any number of reflexions at angles 
difierent from the - polarizing angle, as it is by a single re- 
flexion at the polarizing angle ; but we shall see that the po-» 
larization is sensibly complete in consequence of the near ap* 
proximation of ^ to (y. 

I found, for example, that light was polarized by two re- 
flections from glass at an angle of 61° S', and 60** 28' by ano- 
ther observation. Now in these cases we have 

8 after Ist after 2d Quantity ot Tin* 
Reflexion. Reflexion* polirisrd hif^U 
Two reflexions at 6P 9 6^46' (Jf'iT 0.00087 
60 28 5 38 SB 0.00018 

Th^ quantity of unpolarized light is here so small as to be 
quite inappreciable with ordinary lights* 

In like manner I found that light was ocHnpletely polarised 
by five reflexions at 70^. Hence by the formula we have 

Values of fl. Uhpolarizect Light. 



1 reflexiori at 70» 


«0°0' 


0.S8893 


2 - - 


- 7 8« 


0.03483 


8 . - . 


- 8 46 


0.00400 


4 


- 1 


0.00060 


6 - 


- 9St 


0.«0006 



The quantity of uhpolarized light is here also unappreciable 
after the fifth reflexion. 

In another experiment I found that light was wholly pola- 
rized by the separating surface of glass and water at the follow- 
ing angles: 

Values of d. Unpolarissed UgfaL 

By 9 reflexiona at 4A'' SV 0^59 0.0605 

By 8 - - 4ft S7 96 O.OOOl 

In all these cases the successive reflexions were made at the 
skme angle ; but the formula is equally applicable to reflexiona 
at difletent angles, — ■ 

1. Whenboththeanglesare greater than the polarisinganglapv 

Uapokriied 

« Lig^t. 

1 refl^^xion at 5Sp 2', wd 1 at 67^2^ 0>a^. 0.000? , ,, 
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.%. When one of the aisles is above and the other below the 

polarizing angle. ^ 

UDpolarized 

^ Light. 

1 reflexion at 6S% ami 1 at S^" » 0" 12^ 0.000024 

Thk experiment requires a very intense light, for I find in mj 

journal that the light of a candle is polarized at 5S° and 78^. 

In reflexions at difibrent angles, the formula becomes 

cos (t 4- *0 cos (I X T) T J . t • * X ' 

tan 6- , ^ ,: X ), „ ;, I and t being the angJes 

cos (» — 4') COS (1 X A') ^ ® 

of incidence. In like manner if a, 6, c, d, e» &c. are the values 
of 9 or ^ for each reflexion, or rather fpr each angle of inci- 
d«nce, we shall have the final angle or tan ^ = (tan a X tan 6) 
+ (tab'c X tan df,) &c. 

It is scarcely necessary to inforni the reader that when a 
pencil of light reflected at 58'' S' is said to be polarifled by aa^' 
other reflexion at 67° S', it only means, that this is the angle 
at. which complete polarization takes place in diminishing the 
angle gradually from 90"" to 67° 8", and that even this angle of 
67^ 2^ will vary with the intensity of the original pencil, with 
the opening of the pupil, and with the sensibility of the retina. 
But when it )hall be determined experimentally at what value 
of ff or ralher at what value of Q, the light entirely disappears 
from the extraordinary image, we shall be able by inverting 
the formula to ascertain the exact number of reflexions by 
which a given pencil of light shall be wholly polarized. 

As the value of Q depends on the relation of t to t', that 
is,^ on the index of refraction, and as this index Agarics for the 
different colours of the spectrum, it is obvious that Q will have 
different values for these different colours. The consequence 
of this must be, that in bodies of high dispersive power the 
unpolarized light which remains in the extramrdinary image, 
and also the light which: forms the ordinary, image, must be 
coloured at all inddences ; tbe colours being most distinct near 
the maximum polarizing angle. This necessary result of the 
formula, I found to be experimentally true in oil of cassia, and 
various highly dispersive bodies. In realgar for exam|de p is 
= at an angle of 69° O' for blue light, at 68^ 37' for green 
light, and at 66^ 49^ for red light. Hence there can be no 
angle of complete piblarization fbr white lightj which-Lalso 
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fiMind'to be the case by experiment; and as^Q must at diffe-* 
rent angles of ineidence have diflferent values for the differiBnt 
rays, the unpolarised light must be composed of a certain por- 
tion of each diffiBrent coloor, irhicb may be easily determined 
by the formobu 

^ch are the laws which regulate the polarization of light 
by reflexion from the first surfaces of bodies that are not me* 
tallic. The very same laws are applicable to their second sur- 
faces, provided that the incident light has not suffered previous 
or subsequent refraction from the first surface. The sine of 
the angle, at which f or Q has a certain value by reflection 
from the second surface, is to the sine of the angle at whieb 
they have the same value at the first surface, as unity is to (he 
index of refraction. Hence <p and Q may be determined by 
the preceding formulse after any number of reflexions, even if 
some of the reflexions are made from the first sifrfiace of one 
body and the second* surface of another. 

When the second surface is that of a plate with parallel or 
inclined fac^s, its action upon light presents curious phenome^ 
na, the law of wh^ch I have determined. T refer of course t6 
the action of the second surface at angles less than that which' 
produces total reflexion. This action has hitherto remained 
iminvestigated. It has been hastily inferred, however, fVom 
imEperfect data*; ^and the 'erPDneous- inference forms the basis 
of some optical laws, whidi are considered to be fully esta^ 
blisfaed. 

Among the various' results of the preceding investigation! 
there is one- which sieems to possess some theoretical importance. 
If w« consider > polairifised rays as those whose planes of polari*' 
nation are parallel, then itfoUows that light cannot be brought 
into such a state by any number of reflexions, or at any angle 
of jncfdence, excepting at the angle of complete polarization. 
At.all other: angles the light ^hich seems to be pokrized, by 
disappearing from the extraordinary image of the analysing 
rhomb, is distinguished from really polarized light, by the pro- 
perty of its planes of polarization forming an angle with each 
other and with the plane of reflexion. At the polarizing angle» 
for example, of 56^ 45^ in glass, the light reflected is 79*5 ray^ 
and it is completely polarized, because the planes of polariza- 
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tion of all tbe rays are parallel ;. but at an angle of incidence 
of Q0°, where 392 rays are reflected, no fei^w than 1S7 appem* 
to be polarized; though their planes of polarization are inclin-» 
ed Be^" 26' to each other, or &&" 1$' to the plane of reAexion. 
This appearance of polarization, when the rays have only suf* 
fered a displacement in their ptenes of polarizatioii from- an 
angle of 90% which approximates them to the state of polariz- 
ed light, arises from the law whieh r/Qgulates tbe repartition of 
polarized light between the ordini^ry and extracH'dinary imagea 
produced by double refraction, and shows that the analyinng 
crystal is not sufficient to distinguinb light completely polarize 
ed from light in a sta>te of approach to pdarizatton. The dif^ 
f^rence, however, between these two khids of light is .marked 
by most distinctive characters^ and will be fcmnd to show its^ 
in som^.of the more complex phenomena of interference; 

In my paper of 1815, already referred to, I was led by a 
distant view of the phenomena which I have now developed, 
to consider common light as composed of rays in every stislte of 
positive and negative polarization ;* and upon this principle the 
whole of the phenamepa despribed in this paper titay be calcnk 
l^ted with the same exactness as upon the supposition of two 
i^ipodtely polarized pencils. Noticing indeed can be ampler 
ibw such a primsiple. The panieles of: light have planes^ 
phidk are acted upon by the attractive and repubi^ forces re* 
siding in solid bodies; and as thel^ planes must have every 
possible inclination to a plane passing through the direction of 
^beir motion,, one-half of them will be inclined <*-r; to this {dtoe, 
^d th,e .other half +• When light in sueb d state falk opon 
ai reflecting surface, the -*- and tbe + pfulicles hate each theit 
l^anes of polarization brought mor0 or less into a state of paraL 
l^lism with the plane of reflexion^ in. cpnaequenceof the action 
(if the repulsive force upon one side or pole of. the partide 
through which the plane pilsses; while in the particles whidh 
suffer refraction, the satne sides en* poles are by the acticm of 
the attractive force drawn downwards, so isis to increase, the in^^ 
fdinat^pn of tl\^ir planeis relative to the plane fd incideiioe» lan^ 

* M.. Biot has followed me in this opinioD. See Traite de Phjfjiiqtuif 
ttMH. iv. p. 304. 
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bring tfa'em more or less into a state of parallelism with a plane 
perpendicular to that of refraction. 

The formulae already given, and those for refracted light 
whidi are contained in another paper, represent the laws ac- 
cording to which the repulsive and attractive forces change 
the position of the planes of polarization ; and as we have 
proved that the polarization is the necessary consequence . of 
these planes being brought into certain positions, we may re^ 
gard all the various phenomena of the polarization of light by 
reflexion and refraction, as brought under the dominion of laws 
as well determined as those which regulate the motions of tfa^ 
planets. 

i Ah-VE^vY,' December ^5\ IS89* 



Art. XIX.— analysis OF SCIENTIFIC BOOKS AND ME- 

MOIRS. 

Contoiaiions in Travel^ <ir the La^t Days vf. a Philosopher,. By- Sir 
HiiMPHRY Davy, B^tU late President of the Royal Society. London, 
1830. 12rao. Pp.281. 

-This little volume, of which we propose to give some account, is the last 
production of a philosopher whose brilliant discoveries placed him at the 
head of chemical science. However exalted he the genitis Of some of "his 
contemporaries, and however numerous their discoveries, yet Sir Humpfr"' 
ry Davy must be allowed to be the Newton of chemistry, and to have pus- 
tained the scientific glory of England during his shore but illustrious cai- 
feer. With him, and with his two great associates, Dr Wollaston and br 
Young, that glory has departed; and if the nation and the government are 
not speedily roiised from their indifference, we may live to witniess the in- 
tellectual degradation of Englancl, and ■ to see her science, her philosophy; 
tfnd her arts, transported toother lands, and directed against the very titsds 
of her existence. 

When Sir Humphry Davy was compelled from ill health to resign the 
Presidency of the lloyalnSociety, arid to ubandon those mental exertion^ 
which * the prosecution of original discovery demanded, the native activity 
of his mind was directed into other channels of thought less severe ui)0» 
his debilitated frame, and perhaps more congenial to a mind looking for- 
ward to its great deliverance. During his partial recovery from a long and 
dangerous illness he composed his Salmonia, a treatise on angling, inter- 
spersed with moral and religious reflections, arid adorned with many irile- 
resting scientific discoveries of a popular character. The work now under 
our ^ye was composed immediately after, under the same tirifavourable and 
f>ainful circumstances, and at a period, as he himself remarks, when the 
constitution of the author suffered from new attacks. When most other 
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fiouvoefrof cpaeoktion and pleasure were closed to faak, be derived a share of 
both from this exercise of his mind. It was concluded at the very moment 
of the invasion of his last illness^ and it is probable, as the editor observes, 
that smne additions and some changes would have been made had he lived. 

The Consohiiong in TVave/ consists of Sis Dialogues. 1. The Vision. 
8. Discussions connected with the Vision in the Coloespum. S. The Un* 
l^nown. 4. The Proteus or Immortality. 5. The Chemical Philosopher. 
And 6. Pola or Time. 

In the first of these dialogues our author gives an account of a vision 
which he is supposed to have seen while contemplating the ruins of the 
Coloseum. A spectral being is supposed to appear, and lays befin« him a 
brief view of the various stales of society fh>m the eariiest to the present 
times. He is then carried up into the Heavens, and has his attention di- 
rected to the region of Saturn, whose inhabitants are described as beings 
possessing organs and powers fiir more extensive than those of man, which 
give them an insight into the structure of the universe of ir^ich wo can 
form no conception. The first part of the vision is extremely interesting, 
and will be read with great interest even by those who are best acquainted 
with the various topics to which it refers ; but the latter part of the vision 
is so completely the work of imagination, and so thoroughly devoid of all 
probability, that we forbear making any extract from it. 

In the third dialogue, called the Unknown, the author and his Ariends 
meet at the Ruins of Psestum with a stranger, who conveys to them much 
curious information respecting the natural history of the country. The 
foUowing extract, somewhat abridged, relative to the Lake of Solfittara, 
will be read with great interest : — 

" Ambrosio now came forward, and bowing to the stranger, asked him 
whether the masses of travertine, of which the Cydopian walls and the 
temples were formed, were really produced by aqueous deposition from the 
river Silaro, as he had often heard reported. The stranger replied;—* 
' that they were certainly produced by deposition from water ; and such 
deposits are made by the Silaro. But I rather believe, he said, that a lake 
in the immediate neighbourhood of the dty ftimiahed the quarry from 
which these stones were excavated ; and if you like, I will accompany yoa 
to the spot from which it is erident that large masses of the travertine^ 
marmor tiburtinum or calcareous tufa have been raised.' We walked to 
the borders of a lake, on a mass of calcareous tufa, and we saw that this 
substance had even encrusted the reeds on the^ore. There was some* 
thing peculiarly melancholy in the character of this water ; all the herbs 
•round it were grey, as if encrusted with marble. * There,' said the 
stranger, ' is, what I believe to be, the source of thoae large and durable 
stones which you see in the plain before you. This water rapidly deposits 
cdcareous matter, and even if you throw a stick into* it, a few hours b 
sufficient to give it a coating of this substance. Whichever way you turn 
your eyes you see masses of this recently produced marble, the conse- 
quence of the overflowing of the lake during the winter floods, and in that 
large excavation you may observe that immense masses have been removed> 
as if by the hand of art and in remote times ;— the marble that remains 
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ia the quarry- i» of the same tenture and character as that which you see 
in the ruins of P«8tuin> an<l I think, it is scarcely possible to doubt, that 
the builders of those extraardinary structures deriyed a part of their n^- 
terials frou) this spot.' This water is like many, I may say, most of the 
sources which rise at the foot of the Appennines; it holds carbonic acid 
in solution which has dissolTed a portion of the calcareous maticar «f the 
roek throv^b which it has {lassed ; — ^this carbonic acid is dissipated in the 
atmosphere, and the marble, slowly thrown dovn, assumes a crystalUne 
finrm and produces coherent stones. The lake before us is not particularly 
rich in the quantity of caldureous matter that it contains, for, as I have 
fbund by exp^ience, a pint of it does not afford more than five or s^: 
grains ; but the quantity of fluid and the length of time are sufficient t^ 
account for the immense quantities of tufa and rock which in the course 
of ages have accumulated in this situation. It can, I think, be scarcely 
doubted that there is a aousce of volcanic &re at no great distance from the 
aur&ce, in^^ie whole of southern Italy ; and, this fire acting upon the cal- 
careous rocks of which the Appeunines are composed, must constantly de- 
tach from them carbonic acid, which rising to the sources of the springs 
deposited from the waters of the atmosphere, must give them their im* 
pregia^tion and enable them to dissolve calcareous matter. I need not 
dwell upon Etna, Vesuvi^, or the Lipari islands. to prove that volcanic 
fires are still in existence ; and, there can be no doubt, that in earlier pe- 
riods almost the whole of Italy was ravaged by them ; even Rome itsekf, 
the eternal city, rests upon the craters of extinct volcanos ; and, I ima^ 
gine that the traditional and fabulous record of the destruction made by 
the conflagration of Phaeton, in the chariot of the sun, and his falling intp 
the Fo» had reference to a great and tremendous, igneous volcanic eruption, 
which extended over Italy and ceaserl only near the Po at the foot of the 
AJIps. Be thlft as it may* the sources of carbonic acid are numerous, n^t 
mendy in the Neapolitan but likewise in the Roman and Tuscan states. 
The most mi^ificent waterfall in £ur(^, that of the Velino near Terni, 
is partly £Bd by a stream containing calcareous matter dissolved by carbonic 
acid* and it deposits marble» which crystallises, even in the midst of its 
thundering descent and foam, in the bed in which it falls.. The Anio cur 
Teverone, which almost approaches in beauty to the VeUno in the nun^ 
ber and variety of its falls and cascatelle, is likewise a calcareous water ; 
and there is still a more remarkable one which empties itself into this 
river below Tivoli, calle4 the lacus Albula, or the lake of the Sol&tara. 
Besides the lake, where the ancient. Romans erected their baths, there. is 
another a few yards above it, surrounded by. very high rushes and almost 
hidden by them from the sight. This lake sends dawn a considerable 
atream of tepid water to the larger lake, but this water is less strongly im- 
jxegaoted with carbonic acid ; the largest lake is actually a saturated so- 
lution of this gas, which escapes from it in such quantities in some parts 
of. its surfiu^ that it has the appearance of being actually in ebullition. I 
have found by. experiment that the water taken from the most, tranquil 
pact of the lake, even after being agitated and exposed to the air> contain- 
ed in. section more than its own .volume oi carbonic acid gas wi^h a very 
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small quantity of sulpharetted hydrogen^ to the presence of which, I oor- 
dude, its ancient use in curing cutaneous disorders may be referred. -Its 
temperature, I ascertained^ was in the winter in the warmest parts abore 
80° of Fahrenheit, and it appears to be pretty constaBt, for I have found 
it differ a few degrees only in the ascending source, in January, Maroh^ 
May, and the beginning of June ; it is therefore supplied with heat fiiom 
a subterraneous source, being nearly twenty degrees above the mean tem* 
perature of the atmosphere. Kircher has detailed in his Mundus Stdfter^ 
raneus various wonders respecting this lake, most of which are unfbunded, 
such as that it is unfathomable, that it has at the bottom the heat of boil* 
ing water, and that floating islands rise from the gulf which emits it« It 
must certainly be very difficult, or even impossible to fathom a source 
which rises with so much violence from a subterraneous excavation ; and, 
at a time when chemistry had made small progress, it was easy to mistake 
the disengagement of carbonic acid for an actual ebullition. The floating 
islands are real, but neither the Jesuit nor any of the writers who have 
since described this lake, had a correct idea of their origin, which is ex-^ 
eeedingly curious. The high temperature of this water, and the quantity 
of carbonic acid that it contains, render it peculiarly fitted to aScxd a 
pabulum or nourishment to vegetable life ; the banks of travertine ore 
every where covered with reeds, lichens, confervs, and various kinds of 
aquatic vegetables ; and, at the same time that the process of vegetable 
life is going on, the crystallizations of the caleareous matter, which is 
-every where deposited in consequence of the escape of carbonic acid, like- 
wise proceed, giving a constant milkiness to what from its tint would 
otherwise be a blue fluid. So rapid is the vegetation, owing to the decom« 
position of the carbonic acid, that even in winter, masses of conferva? and 
lichens, mixed with deposited travertine, are constantly detached by the 
currents of water from the bank, and float down the stream, which bong 
a considerable river, is never without many of these small islands on its 
surface ; they are sometimes only a few inches in size, and composed merefy 
of dark'green confervs or purple or yellow lichens, but they are sometifiMs 
even of some feet in diameter, and contain seeds and various species of 
common water-plants, which are usually more or less incrusted with 
marble. There is, I believe, no place in the world, where there is a more 
striking example of the opposition or contrast of the laws of animate ami 
inanimate nature, of the forces of inorganic chemical affinity and those of 
the powers of life. Vegetables, in such a temperature and every where 
surrounded by food, are produced with a woiiderflil rapidity; but the 
erystallizations are formed with equal quickness, and they are no sooner 
produced than they are destroyed together. Notwithstanding the sulphu^ 
reous exhalations ^m the lake, the quantity of vegetable matter genei»» 
ted there and its heat make it the resort of an infinite variety of insect 
tribes ; and even in the coldest days in winter, numbers of flies may be 
observed on the v^etables surrounding its banks or on its floating islands, 
and a quantity of their larvce may be seen there, sometiines incrusted and 
entirely destroyed by calcareous matter, whieh is likewise olteu the fate of 
the insects themselves, as well as of various species of shelUfish that ore 
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found amongst die vegetables, whieb grow and are destroyed in tbe tra-r 
Tertine on its banks. Snipes^ ducks, and various water^^rds often visit 
these lakes, probably attracted by the temperature and the quantity of 
food in which they abound ; but they usually confine themselves to the 
banks, as the carbonic acid disengaged from the surface would be fatal to 
them, if they ventured to swim upon it when tranquil. In May 18— I 
fixed a stick on a mass of travertine covered by the water, and I examin- 
ed it in the beginning of the April following, for the purpose of deter- 
mining the nature of the depositions. The water was lower at this time, 
yet I had some difficulty, by means of a sharp*pointed hammer, in 
breaking the mass which adhered to the bottom of the stick ; it was se- 
veral inches in thickness. The upper part was a mixture of light tu& 
and the leaves of confervs ; below this, was a darker and more solid tra« 
vertine, containing black and decomposed masses of conferve ; in the in-^ 
ferior part^-^he travertine was more solid and of a grey colour, but with 
cavities which I have no doubt were produced by tbe decomposition of ve- 
getable matter. I have passed many hours, I may say, many days, in 
studying the phenomena of this wonderful lake; it has brought many 
trains of thought into my mind connected with the early changes of our 
globe, and I have sometimes reasoned from the forms of plants and animals 
preserved in marble in this warm source, to the grander dq)ositions in 
the secondary rocks, where the zoophytes or coral insects have worked 
upon a grand scale, and where palms and vegetables now unknown, are 
preserved with the remains of crocodiles, turtles and gigantic extinct ani- 
mals of the sauri genus, and which appear to have belonged to a period 
when the whole globe possessed a much higher temperature. I have like- 
wise often been led firom the remarkable phenomena surrounding me in 
that spot, to compare the works of man with those of nature. The baths, 
erected there nearly twenty centuries ago, present only heaps of ruins, and 
even the bricks of which they were built, though hardened by fire, are 
crumbled into dust, whilst the masses of travertine around it, though 
formed by a variable source from the most perishable materials, have har- 
dened by time, and the most perfect remains of the greatest ruins in the 
eternal city, siich as the triumphal arches and the Colosseum, owe their 
duration to this source. Then, fVom all we know, this lake, except in 
some change in its dimensions, continues nearly in the same state in which 
it was described 1700 years ago by Pliny, and I have no doubt contains 
the same kinds of floathig islands, the same plants and the same insects. 
Daring the fifteen years that I have known it, it has appeared precisely ' 
identical in these respects ;-*Hind yet, it has the character of an accidental 
phenomenon depending upon subterraneous fire. How marvellous then are - 
those laws by which even the humblest types of organic existence are pre-- 
served though born amidst the sources of their destructiouy and by which 
a species of immortality is given to generations floating, as it were, like 
evanescent bubbles, on a stream raised from the deepest caverns of the 
earth, and instantly losing what may be called its spirit in the atmo- 
sphere." 
The next extract which we shall submit to our readers relates to the in-* 
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flttence of time in producing changes ia the material world. After giving 
an account of the inflnenoe of graritation in producing alterations on the 
surfkce of the earthy our author proceeds to consider the chemical changes 
which are produced ; and under this head he considers, firsts the chemical 
agency of water, then that of air, and, lastly, that of electricity. 

'' One of the most distinct and destructive agencies of water depends 
upon its solvent powers, which are usually greatest when its temperature is 
highest. Water is capable of dissolving, in larger or smaller proportions^ 
most compound bodieo, and the calcareous and alkaline elements of stones 
are particularly liable to this kind of operation. When water holds ih sto- 
lution carbonic acid, which is always the case when it is precipitated from 
the atmosphere, its power of dissolving carbonate of lime is very much in- 
creased, and in the neighbourhood of great cities, where the atmosphere 
<iontains a large proportion of this principle, the solvent powers of rain 
upon the marble exposed to it must be greatest. Whoever examines the 
marble .statues in the British Museum, which have been removed from 
the exterior of the Parthenon, will be convinced that they have suffered 
iVom this agency ; and an effect distinct in the pure atmosphere and tem- 
perate climate of Athens, must be upon a higher scale in the vicinity of 
other great European cities, where the consumption of fuel produces car- 
bonic acid in large quantities. Metallic substances^ such as iron, copper^ 
bronze, brass, tin and lead^ whether they, exist in stones^ or are used for 
support or connexion in buildings, are liable to be corroded by water hold- 
ing in solution the principles of the atmosphere ; and the rust and corro- 
sion^ whidi are made, poetically, qualities of time, depend upon the oxy- 
dating powers of water, which by supplying oxygen in a dissolved ix con- 
densed state enables the metals to form new combinations. All the v^e- 
table substances, exposed to water and air> are liable to decay, and even 
the vapour in the air attracted by wood, gradually reacts upon its fibres 
and assists decomposition, or enables its elements to take new arrangements. 
Hence it is that none of the roofs of ancient buildings more than 1000 
years old remain^ unless it be such as are construcled of stone^ as those of 
the Paintheon of Rome and the tomb of Theodoric at Ravenna, the cupola 
oi which is composed of a single block of marble* The pictures of the 
Greek masters, which were painted on the wood of the abies^ or pine of 
the Mediterranean, likewise, as we are informed by Pliny, owed their de< 
struction not to a change in the colours, not to the alloiition of the calca- 
reous ground on which they were painted, but to the decay of the tablets 
of wood on which the intonaeo or stucco was laid. Amongst the sub* 
stances employed in building, wood, iron^ tin and lead are most liable to 
decay ftom the operation of water, then marble, when exposed to its in- 
fluence in the fluid form ; brass^ copper, granite> sieoite and porphyry are 
more durable. But, in stones, much depends upon the peculiar nature of 
their constituent parts; when the fddspar of the granite rocks, contains 
little alkali or calcareous earthy it is a very permanent stone ; but/ when in 
granite, porphyry or sienite, either the feldspar contains much alkaline 
matter, or the mica, schorl or hornblende much protoxide of iron, the ac- 
tion of water, cimtaining oxygen and carbonic acid, on the ferruginous ele- 
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ttentB tends to produce the dfsiBtegration of the stcme. The red granite, 
black nenite and red pdrpfayry of Egypt^ which are seen at Rome in obe«> 
lisks, columns and sarcophagi are amongst the most durable compound 
stones; but> the grey granites of Corsica and Elba are extremely liable to 
Undergo alteration,— the feldspar contains much alkaline matter and the 
mica and schorl much protoxide of iron. A remarkable instance of the 
decay of granite may be seen in the hanging tower of Pisa ; whilst the 
marble pillars in the basement remain scarcely altered, the granite ones 
have lost a considerable portion of their surface, which falls off continually 
In scales, and exhibits every where stains from the formation of peroxiite 
of iron. The kaolin, or clay, used in most countries for the manufacture 
of fine porcelain or china, is generally produced from the feldspar of de« 
eomposing granite, in which the cause of decay is the dissolution and se- 
paration of the alkaline ingredients. 

'^ There are few compound stones, possessing a considerable specific gra^ 
Vity, which are not liable to change from diis cause ; and oxide of iron 
amongst the metalUe substances ancientlif known, is the most generally dif- 
fbsed in nature, and most concerned in the changes which take place on 
the surface of the globe. The chemical action of carbonic acid, is so much 
connected with that of water, that it is scarcely possible to speak of them 
separately, as must be evident from what I have before said ; but the same 
action whkh is exerted by the acid dissolved in water is likewise exerted 
by it in its elastic state, and in this case the facility with which the quan- 
tilty is changed makes up for the difference of the degree of condensation. 
There is no reason to believe that the azote of the atmosphere has any con- 
siderable action in producing changes of the nature we are studying on the 
surface ; the aqueous vapour, the oxygen and the carbonic acid gas, are, 
hoMrever, constantly in combined activity, and above all the oxygen. And, 
#hii^ water, uniting its effects with those of carbonic acid, tends to disin- 
tegrate the parts of stones, the oxygen acts upon vegetable matter^ And, 
this great chemical agent) is at once necessary, in all the processes of life 
afid in all tho«e of decay, in which nature, as it were, takes again to her- 
self those instruments, organs and powers, which had for a while been bor- 
rowed and employed <br the purpose or the wants of the living principle. 
Almost everything efibcted by rapid combinations in combustion, may also 
be eflfected gradually by the slow absorption of oxygen; and thou^ the 
productions of the animal and v^etable kingdom are much more submit- 
ted to the power of atmospheric agents than those of t]^e mineral kingdom, 
yet, as in the instances which have just been mentioned, oxygen gradually 
destroys the equilibrium of the elements of stones and tends to reduce into 
powderi to render fit for soils, even the hardest aggregates l?elo.ngi|ig to 
our globe. Electricity, as a chemical agent, ma^ be considered,, not only 
SB c^-ectly producing an infinite variety of changes, but likewise as influ- 
encing almost all whieh take place. There are not two substances on the 
surface of the glebe, that are not in di£S?rent electrical relations to each other ; 
atad, chemical attraction itself seems to.be a peculiar form of the exhibi- 
tion of dectdoal attraction ; andi wherever the atmospheres or )vater, or any 
patt of thesurfaoeof theearth gains accumulated electricity of adifferent kind 
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from the contiguous surfaces, the tendency of this ekciricity is to produce 
new arrangements of the parts of these surfaces ; thus« a positively electri- 
fied cloudy acting even at a great distance on a moistened ^tone^ tends to 
attract its oxygeneous or acidiform or acid ingredients^ and, a negatively 
electrified cloud has the same effect upon its earthy, alkaline, or metallic 
matter ; — and the silent and slow operation of electricity is much more 
important in the economy of nature than its grand and impressive opera- 
tion in lightning and thunder. The chemical agencies of water and air, 
are assisted hy those of electricity ; and their joint effects comhined with 
those of gravitation and the mechanical ones I first descrihed, are sufficient 
to account for the results of time. But, the physical powers of nature in 
producing decay, are assisted likewise hy certain agencies or energies of or- 
ganised heings. A polished surface of a building, or a statue, is no sooner 
made rough from the causes that have been mentioned, than the seeds of 
lichens and mosses, which are constantly floating in our atmosphere^ make 
it a place of repose, grow and increase, and from their death, their decay 
and decomposition carbonaceous matter is produced^ and at length a soil is 
formed, in which grass can fix its roots. In the crevices of walls, where 
this soil is washed down, even the seeds of trees grow, and, gradually as a 
building becomes more ruined, ivy and other parasitical plants cover it. 
Even the animal creation lends its aid in the process of destruction^ when 
man no longer labours for the conservation of his works. The fpx. burrows 
amongst ruins, bats and birds nestle in the cavities in walls, the snake and 
the lizard likewise make them their habitation. Insects act upon a smal- 
ler scale, but by their united energies sometimes produce great efiect ; the 
ant, by establishing her colony and forming her magazines, often saps the 
foundations of the strongest buildings, and the most insignificant creatures 
triumph as it were over the grandest works of man. Add, to these sure 
and slow operations, the devastations of war, the efiects of the destructive 
zeal of bigotry, the predatory fury of barbarians seeking for concealed 
wealth under the foundations of buildings and tearing from them every 
metallic substance, — and it is rather to be wondered^ that any of the works 
of the great nations of antiquity are still in existence. 

" The operations of nature; when slow, are no less sure ; however man 
may for a time, usurp dominion over her, she is certain of recovering her 
empire. He converts her rocks, her stones, her trees into forms of palaces, 
houses, and ships ; he employs the metals found in the bosom of the earth 
as instruments of poiirer, and the sands and clays which constitute its sur- 
face as ornaments and resources of luxury ; he imprisons air by water, 
and tortures water by fire to change or modify or destroy the natural forms 
of things. But in some lustrums his works begin to change, and in a few- 
centuries they decay and i^re in ruins; and, his mighty temples, framed as 
it were for immortal and divine purposes, and his bridges formed of gra* 
nite and ribbed with iron, and his walls for defence, and the splendid 
monuments by which he has endeavoured to give eternity even to his 
perishable remains, are gradually destroyed ; and these structures, which, 
have resisted the waves of the ocean, the tempests of the sky and the stroke 
of the lightning, shall yield to the operation of the dews of Heaven, of 
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frost, rain, VftpQtir and imperc^tible atmoepherio iDfluencefi ; and, as the 
worm devours the lineaments of lu$ mortal beauty^. so the lichens and the 
moss, and the most insignificant plants shall feed upon his columns and 
his pyramids, and the most humble and insignificant insects shall under- 
mine and sap the foundatjions of bis colossal works, and make their habita- 
tions amongst the ruins of his palaces and the falling seats of his earthly 
glory." s 

Throughout the whole of this interesting volume, we observe traces of 
the most genuine and unaffcicted piety, and the most complete proofs, that 
the author had studied, in his latter days at least, the peculiar doctrines of 
Christianity, and derived from them that consolation which they are so well 
fitted to inspire. It is a proud triumph of the Christian faith, that the great- 
estchemical philosopher of modern times, should not only have added his tes- 
timony to its trutb, but should have spent his latest hour in impressing his 
convictions upon others. There perhaps never was an individual who rose 
more quickly than Sir H. Davy to the highest objects of ambiti<m. Placed 
in the chair of Newton, at the head of the Royal Society, honoured by the 
special notice of his sovereign,' associated with the highest ranks of society, 
and distinguished over all Europe, as the most successful of moderii inquir- 
ers, he yet found that there was something beyond all this, after whicli his 
soul aspired, and before which, all earthly glory disappeared. 

^* Religion," says he, " whether natural or revealed, has always the same 
beneficial influence on the mind. In youth, in health and prosperity it 
widens feelings of gratitude and sublime love, and purifies at the same time 
that it exalts; but it is in misfortune, in sickness, in age, that its effects 
are most truly and beneficiaUy felt ; when submission in faith, and hum- 
ble trust in the Divine will, from duties become pleasures, undecaying sour-, 
oes of consolation ; then it creates powers which were believed to be ex- 
tinct, and gives a freshness to the mind, which was supposed to have pas- 
sed away for ever, but which is now renovated as an immortal hope ; then 
it is the Pharos greeting the wave-tossed mariner to his home, as the calm 
and beautiful still basins or fiords surrounded by tranquil groves and pas- 
toral meadows, to the Norwegian pilot. escaping from a heavy storm, in. the 
North sea, or as the green and dewy spot gushing with fountains to the ex- 
hausted and thirsty traveller in the midst of the desert. Its influence out-, 
lives all earthly enjoyments, and becomes stronger as the organs decay and 
the frame diss^ves; it appears as that evening star of light in^he horizon 
of life, which we are sure is to become in another season a morning star, 
and it throws its radiance through the gloom and shadow of death." 

We would strongly recommend this volume, not only to the study <^ 
scientific men in general, but especially to those who are just entering upon 
their philosophical career. At that dangerous period when presumption 
and scepticism are the attendants of knowledge, it will not be an unprofi- 
table lesson to read in the lives of Newton and of Davy, that in minds of 
the highest order, humility and piety are the genuine offspring of true 
Bcienee. 
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Art. XX.— scientific INTELLIGENCE. 
I. 19ATUBAL PHIL080PBT. 

ELBCTEICITY. 

1. Power of metalUc rods or wires to decompose water after their eomm 
nedion with the galvanic pile is broken. — In the experiments which I m^ 
dertook in 1806-7, in company with Mr Hisinger^ we had found that lods 
of metal which were employed to decompose water by means of the gal- 
vanic pile continued to develope gas after their connection with the pile 
had ceased^ — a circumstance which -seemed to indicate a continuance of eko- 
trical state^ though these rods showed no actbn upon any other portioii of 
liqtdd^ even of the same kind> than that in which they had been placed 
during their contact with the pile. This observation^ which I had almost 
forgoUen^ has been lately confirmed by Pfaff, who has also added to it se- 
veral others of a similar kind. We might su}^x)se sudi effi^ts to be pro« 
duced by a residual polarity, both in the liquid and the metal, showing 
itselt; as long as it continued, by a continuance of chemical acti<m ; but some 
of P&ff 's experiments seem to oppose this fdea, for he found that the ad- 
dition of ammonia to the liquid, by which all its internal polarity was de- 
stroyedy did not deprive the wires of their effect. The metals which ac- 
quire this property in the highest degjtee are zinc and iron, next to which 
bgold. He attempts to explain the phenomenon by supposing that the 
continued passage of the electrical stream had brought the elements of the 
water nearer to a state of separation, so that ^ very slight influence was 
sufficient to destroy their union. It must be confessed, however, that we 
cannot at present advance a satislacttny explanation. — ^Barzelius, Arsber&t^ 
ieke, 1839, p. S3. 

2. Detection ef alloy in siher by the magnetic needlej^-Oented hss 
made an ingenious and novel application of the magnetic multiplier. 
He finds that if a good electro-magnetic multiplier with double needles 
be suspended by a hair or a thread of unspun silk between two pieces of 
wrought silver, differing only one per cent, in the quantity of copper they 
contain,* so sensible an effect is produced upon the needle as to render this 
a more accurate method of proof than the common touchrstones. Small 
trial plates are made of different degrees of purity, and the piece to be tried 
IS compared with them in the following way : A thin piece of woollen 
doth is dipped in muriatic add, and laid upon the trial plate, afler whidi 
the piece to be tried is brought into contact with the add and the wire of 
the multiplier. The deviation of the needle shows which contains the 
most alloy, and another trial plate must be employed till the needle cease 
to be affected, when both are of equal fineness. In coming to a condudon 
on this point, however, several circumstances are to be taken into conside- 
ration. Wrought silver goods are generally deprived of a portion of their 
copper by the action of adds, so as to render the surface finer than the 
inner part of the metal ; the proof plates, therefore, must be prepared iU' 
the same way. Another source of error in the indications of the needle 
are the unequal polish and size of the two pieces of metal ; the latter of 
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these is especially difficult to overcome when the surfiice of the metal to 
be prored is not plain» When> inatead of mitriatic aoid, a dilute solntion 
of caustic potash is employed, and the result is unlike, it is shown that 
o<^per is not the only alloy, but that brass is present ; and the potash so- 
lution renders that which contains brass so positive, that it seems oonside* 
rably pur» than the trial plate. This is the case also in a very high 'de- 
gree when the alloyed metal contains arsenic, for example when what is 
called white metal has been used for an alloy. This mode of proof is 
exceedingly interesting in a scientific point of view, and cases may occur in 
which it can be employed with advantage; but the sources of error can 
scarcely be ever so completely done away with as to make it a practical 
instrument in the hands of the silversmith, as Oersted seems to expect. — 
Berzelius, Arsberattelte, 1829, p. 123. 

II. CHEMISTBY. 

3. Double Metallic Chlorides. — Bonsdorf, in a paper referred to, page 
146 of the present number, has described a number of double chlorides of 
mercury, gold, platinum, and palladium. The following formuls represent 
the composition of some of the double chlorides of mercury and platinum. 
Those of mercury w^^re formed by digesting a cold saturated solution of 
the salt on the corrosive sublimate in powder* 

fKC/+ 4Hif C/+ 4,aq. 
Chlorides of mercury and potassium <K CI -^ 2HgCl -^ 9ag. 

(KC/+ Hg-C/+lay. 
The last of these forms large rig;ht rhombic prisms. 

Chloride of mercury and sodium = N C/ + S H^ C/ + 4 aq. 

barium = Ba C/ + 2 % C/ + 2 ay. 
calcium ^/Ca a -^ 5 Ug CI -^ S aq. 

T«.««^'„^ / M^ C/ + 3 Hg CI + ag. 
magnesium = |^|;^^ ^ ^^ ^^ ^ ^^ 

Mtmganese ~ Mn C/ + H/^ C£ + 4 ogr. 
Iron = Fe C/ + Hg- C/ + 4 07. 

la these salts Bonsdorf considers the corrosive sublimate to net the pitft 
of an acid which he calls Acidum Chhro H^drargyricunu 

Chloride of Pla- 
tinum and barium = Ba C/ + P/ C/^ + 4 09. . 
strontium = Sr C/ + P/ C/' + a^. 
calcium = Ca C/ + P^ C/* + 8 09. 

magnesium - ^ ^^^ ^^ ^ ^^ ^^, + 2 ay. a yellow powder 
manganese := M/i C/ + P/ C/^ 4- 6 ag. 

The double salts of platinum with iron, zinc, cadmium, cobalt, nickel, 
and copper, are isomorphous and identical in composition with that of 
manganese containing all six atoms water. A great number of other 
double chlorides of mercury and palladium with the chlorides of the more 
positive metals were formed, but none of them analyzed. 
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4. Freezhg point of AtcohoL-^ln sqme observations on this «abj«ctina 
letter to the editor of the Annalen de Pht^sik, xvii. p. 162^ Prof. Munclde 
of Heidelberg, states the following facts : 

1. Very good cogniac froze at Melville Island at a natural temperature^ 
according to Parry, of 48*^.5 cent. 

2. Alcohol of 801 specific gravity at 20^ c at its point of greatest den- 
sity according to my first experiments at — S6^»6 cent., and its probable 
freezing point is 6S° cent* 

3. Alcohol nearly absolute o€ sjiecific gravity 7^ froze^ according to 
Hatton, at 79 cent. 

4. Absolute alcohol of specific gravity 791 has its point of greatest den- 
sity, according to my second experiments, at -~89.4 cent, and its probable 
freezing point at 92° cent. 

III. NAT0EAL HlSTOEY. 
MINERALOGY. 

6. Iron pyrites* — It is known to mineralogists that common or octo- 
haedral pyrites and the white pyrites^ which from their difierence of form 
were considered by Haiiy as different species, were found by Berzelius to be 
identical in composition, or at least that no such difierence existed as to 
warrant their being considered as different species. The explanation then 
given by Berzelius has been confirmed by later experiments, and he has pub« 
lished die following addition^ remarks : ** When a portion of common 
pyrites was permitted to fall asunder, I found it to be caused by the forma- 
tion of a small quantity of protosulphate of iron, which burst asunder the 
crystallized mass. When the^salt was dissolved in water no trace of free sul- 
phur was obtained, from which it appeared, that the efflorescing pyrites con- 
tains particles of FeS (sulphuret of iron,) which, changing to the state of 
salt, tears asunder the rest which undergoes no change. When the small 
quantity thus changed into sulphate of iron is compared with that which 
remains unaltered, I did not think that the results of analysis coidd be ob- 
tained to such a degree of accuracy as to determine the matter with cer- 
tainty. I have since obtained a satisfactory proof of the accuracy of this 
explanation. I heated carbonate of iron gently in a stream of sidphuret- 
ted-hydrogen. There were formed first sulphuret, and afterwards bisid' 
phuret of iron. The experiment being stopped before all the iron was 
changed into bisulphuret a pyrite was obtained, which in a few days fell 
asunder in all directions, and changed into a woolly mass of vitriol of ten 
times its former volume. Sesqui-sulphuret of iron prepared from the 
oxide has not this property. It seems, therefore, highly probable, that 
the falling asunder of the common pyrites arises from the electro chemical 
action of the electro-negative bisulphuret upon the sulphuret which is here 
and there mixed with it in small particles. — fierzel. Arsberdt 1829, p. 129. 
Eohler finds the specific gravity of common pyrites to vary from 4.826 
to 4.837 ; of the octohaedral from 4.8446 to 4.9074 ; and that of the cubi- 
cal to be 4.9188. — Poggend. An. xiv. 91. 
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Art. XXI.— celestial PHENOMENA, 

From July IH, to October Ist, 1830. Adapted to the Meridian of Greene 
wich, Apparent Time, excepting the Ecliptet of Jupiter s Satellites, 
which are given in Mean Time. 

N. fi. — The day b^ns at dooo^ and the coi\janctions of the Moon and 
Stan are given in Right Ascension. 
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Abt. XXII. — Summary of Meteorological Obaervaiions made at Kendal 
m March, April, and May 1830. By Mr Sa^usl ^Iarshall. Com- 
municated by the Author. 

Staie of the Barometer y Thermometer, S^c, in Kendal for March 1830. 



Mazimum on the 27th, 
Minimum on the 15th, 
Mean height, 



Barfymeter. 



Thermometer. 



Inches. 
30.38 
29.02 
29.82 

68* 
26.5» 

43. ir* 



Mazimiim on the 29tfa, 

Minimum on the 8th, 

Mean height, - - 

Quantity of nun, 5.046 inches. ^ 

Number of rainy days, 15. 

PrevtJent winds, south-west. 

The frost, which in the two preceding months had been so severe, has 
scarcely been experienced in thia month. The weather during the great- 
er part of the month, «nd particularly the latter, has been remarkably mild 
and genial, and the thermometer has seldom been so low as the freeiing 
poiut. The equinoctial gales prevailed about the middle of the mon^ 
with great violence, and were attended with sudden ^sts, which are among 
their distinguishing characteristics. The barometer has mostly been high, 
but frequently affected by the winds. From the 9th to the 24th the 
weather was mostly wet and dull. No snow of any oonscque^oe has 
fallen since the 15th, on which day we had frequent hail and snow showers. 
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ApriU 

Barometer. Inchw. 

Maximum on the 27th, - . - 30 $0 

Minimum on the 24th» - - • 28.75 

Mean height, , . - - 29.60 

Thermometer. 
Maximum on the 30th, - - - ^ 

Minimum on the 4th, ... - 23' • 

Meanhdght, - - - '- - ^'^^ 

Quantity of rain, 6.666 inches. 
Number of rainy days, 21. 
Prevalent wind, west. 

This has been an exceedingly wet month, — at least on many days the 
showers have been long in continuanoe, though the quantity when mea- 
sured has not proved great We had rain every day, except one, from the 
7th to the 27th. At the early part Of the month the nights were frosty, 
but the thermometer has not been so low as the freezing point since the 
5th, so that the season has been very favourable in promoting v^etation. 
It is remarkable that we have not been visited this year by the N. E. and 
E. winds, which almoet uniformly prevail in this and the next iinonth. 
It is attributed to the unusual mildness of the winter in the northern 
countries of Europe- 

May* 

Barometer. Inches. 

Maximum on the 16tfa, - - 90.04 

Minimum ou the 26th, - - - 29.08 

Mean height, .... 29.69 

Themiometer. 
Maximum on the Ist, . - - IV 

Mininmm on the 4th and 14th - - 36.6° 

Mean height, - - 61.97** 

Quantity of rain, 2.831 inches 
Number of rainy days, 14. 
Prevalent wind, west. 

Though there has been for the most part of the month ungenial weather, 
arising either from dry easterly winds or showers, yet, from the mean of 
the thermometer, it does not appear that the air has been so cold as our 
feelings alone would have led us to conclude. The barometer has been 
mostly low, and the dry winds which generally visit us ^uch earlier in 
the season, prevailed for the most part in the £. and N. E. from t)ie 7th 
to the 14th, and during the day-time occasionally afterwards, and yet the 
wind has been more in the west than in any other quarter through the 
month. The quantity of rain for the month is less than might havf been 
expected, but the rain generally fell in drizzling showers, though they 
were frequent. We have had no frost during the month, but tl^e dry 
winds about the middle retarded v^etation, though in a }ess degre^ than 
they usually do. 

* N. B. On this day the temperature at Bristol was but 15|<* 
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Aet. I. — Scientific Men and Institutions in Copenhagen. By 
Jamks F. W. Johnston, M. A. Communicated by the Author. 

I ENTERED the Capital of Denmark on Saturday the lltb of 
July 18299 and on the Monday following paid an early visit to 
the University of Copenhagen. The buildings li6 detached 
and scattered about in sevend adJQining streets in the north-west 
part of the city. They produce, therefore, no combined effect,— 
present no hallowed courts of which history can tell that here 
lived, and taught, and studied the learned men of ancient days, 
and whose forms the student^s fancy can still realize silently 
flitting through the old archways, or loitering in deep medita- 
tion along the secluded cloisters. They have nothing in their 
exterior, taken thus singly, to awaken any of those undefined, 
yet peculiar feelings with which we pace the halls and courts of 
those seats of grave and venerable learning founded by the li- 
berality of our forefathers in our own rich Uind. Even though 
united, they would hardly appear imposing, for they are plain 
brick buildings, void of ornament, and of all attempts at archi- 
tectural display. A portion of them, the Studii gaard, the very 
core of the university, the seat of the consistory, is almost en- 
tirely in ruins, having been burned along with the Fru Kirke, 
and several adjacent buildings during the bombardment in 1807, 
and never since repaired. The church, which is the largest in 
the city, has been only recently re^opened, want of money caus- 
ing the erection of public buildings in Copenhagen to go on 
very slowly. It were to be wished that the spire of this church, 
thrown down at the same time, were again raised to its proper 
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elevation, and the university buildings repaired, as in thdr pre- 
sent state they serve only to awaken recollections and revive 
feelings which had much better be forgotten. 

The University of Copenhagen was founded by King Christ- 
ian the Ist, with the permission of the Pope, in the year 1478, 
and the ordinance by which it was established in its present 
state is dated May 1788. "the number of professors at 
present is 36, divided into the four usual faculties. Of these 
three ordinary and two extraordinary belong to tbts theological, 
four ordinary and one extraordinary to the law faculty, four or- 
dinary to the faculty of medicine, and nine ordinary and twelve 
extraordinary to that of philosophy. There is also one lectur- 
er on philology, one upon geology, and two privatim teachers 
of anatomy and animal physiology.* 

The ordinary professors have higher rank and emoluments, 
and are members of the consistory. The term e^viraordinaTJ/ 
implies little more than supernumerary. When a man studies 
with a view to a professorship, he proceeds soinething after the 
following manner. He prepares himself, passes the required ex- 
aminalions, &c. and receives the successive d^rees of master 
and doctor in the feculty to which he attaches himself. He is 
then in a state to give lectures in that faculty, and is therefore 
called Doctor Legem. Alter obtaining the required permis- 
sion, he announces his course in the printed catali^es or Index 
Lectionum, and lectures a year or two for nothing, being a pn- 
vatim docensy or private teacher. If he display sufficient taknt, 
he is then probably appointed a lector (lecturer) by Govern- 
ment, with a small salary of perhaps 400 dollars (L. 40.) In 
course of time a vacancy happens, and he succeeds to a chair, 
becottiing professor extraordinarius, with a salary of about 600 
dollars. By-and-bye he succeeds to a' seat in the consistori- 
um, and he is then a professor ordinarius, with ftom 1800 to 
1600 dollars, which is the highest. These salaries are derived 
from various soiirees, partly fi»m lands, partly from the Toyal 
and church tithes, frota grottttd-reiits in Cbpenhageik, from the 
interest of motaey, and (com the study money (studii dcatten) 
paid after a certain rate by all the churches and clergy in the 
kingdom. Formerly particular lands and other sources of le* 
venue we^e attached to «Mch chair, and the professors manq^ 

• This list is taken ftom the lodex Lectionum for May 1829. The 
number of professors appointed by the foundation is something less. 
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them indejiendeiitljr, as tbey tbonght tnost for tbeirow^ benefit 
Such a living was called a corpus^ but in VIW the ewpwa 
were incorp^ated into a common fund, fvom which are now 
paid all the fialaries and other expenees of the university. 

In return each professor is ^^ bound to hold public preelec- 
tions {>ro officio irithoat payment, over an important part of hii^ 
science r and the regulations 6ay forther, that ^' the lectianes 
pubUccB shall be ^ven only upon that part of the science which 
is most necessary for all the students, the other and more eru- 
dite parts being treated of in the private and most private (pri^ 
vatissimis) courses.**" Yet this would seem not to be so strictly 
eqoined as to be incapable of invasion, for in the Index Lec- 
lionum, dated May 18^, I find Professor Oersted announcing 
his publ^ lectures for tbe^r«^ Tuesday of eoery month-^*^ on 
the receipt discoveries in Experimental Physics,^ — and his pri^ 
vaie eeery^day — on " Experiinental Physics,''* — and Professor 
•Zeise, bis piAlic twice a-week — *^ on the Elementa of the Doc- 
Irine of Imponderable Bodies,^ — ^and his private three tipies a^ 
wedk--!-^^ on Chemistry in general,^ — to which latter it is added, 
that they are particularly accommodated to students of medi- 
cine and pharmacy, and will be illustrated by exp^riiftents. f 
For these private lectures they are allowed to take (ees^ but the 
trifle obtidned can scarcely be an object to more than oiie or 
two individuals "who have large classes. The honararium is 
limited to four, or where there ai'e experiments to five dollars 
each course, but all are admitted for nothing who bring a ** tes- 
timonium paupertatis,^ as the sons cf the clergy generally do. 
Thus, eveli those who are rich never pay more than ten dollars 
a year, or about a pound Sterling. Professor Oersted^ whose 
class amounts to 200, obtains most in this way, and yet his in- 
come from fees does not exceed 400 or 500 dollars. 

* Dr Joh. Chr. Oersted, Fhys. Prof. Publ. Ord. lectionibus pubUcit 
pHmo die Martis cujusque mensis hods 6-8 habeildie, inventa recetttisslma 
adFhysicam experimentalem spectandaexponere perget; lectionibus prttufir 
hora matutina 8-9 physicam experimentalem dooebit; nee iis deerit^ qui 
unam alteramve partem physics uberius sibi explicatam desideraverint. 

-f DrWill. Christophorus Zeise Cheroiie Prof. P. E. publice diebns 
Mercuriiet Saturn! hora 12-*elementa doctrine de Imponderabiiibns Che^ 
mioorum exfonet ; privatim diebus Lwate, Martis et Veneris eadem bora 
Chfmiam generalem lectionibus^ Medicina? et Pharmaeis Studiosls impri- 
mis accoromodatis^ delineabit experimentisque, illustrabit: quse tradita, 
^erint examinando subinde repetet. 
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. The distribution of subjects for lecture among the diiF^^ent 
members of the same faculty is not fixed by the statutes of the 
university. In that of philosophy, where the field is so exten- 
sive as to call for some limitation, they are more tied down to 
certain professions, but the number of professors enables them 
to choose the department most congenial to their taste. In the 
other faculties, it is simply provided, as in many of the German 
universities, that lectures shall be given on certain subjects, and 
that '^ the professors shall so arrange their prselections that 
each department shall be treated of during every Cursus Aca- 
demicus,^— '^ and that no collegium or course of lectures shall 
be extended beyond a year."*' 

Previous to the year 1788 there was only one session and 
one course of lectures by each professor annually, commencing 
nearly as in the Scotch universities, at the latter end of the 
year, and continuing till the middle of summer, but the statute 
then published announces, that ^' whereas such a cursus acade- 
micus had caused much loss of time, the academical year shall 
hereafter be divided into two courses, namely, from the first of 
May to the beginning of October, and from the first of Novem-' 
her to the beginning of April."" The only holidays at present 
are, in summer^ Whitsunday week, the last week in July, and 
the first week of August,-^and in winter^ fourteen days, from 
the 24th of December to the 6th of January. Lectures are 
read on every day of the week during the cursus ; and the two 
recesses, of a month each, are much taken up by the various 
examinations appointed for those terms. Thus, the professors 
have very little time at their own disposal, but the king is al- 
ways willing, due cause being shown, to grant a dispensation 
from active duties even for entire sessions. 

The Polytechnic Institution of Copenhagen, inaugurated in 
November last, is one of those many institutions to which the 
rapid advance and diffusion of natural science has given birth. 
It is confined, as its name implies, to the practical and experi- 
mental sciences; and is intended to give a higher and more 
useful education to those not intended for the learned profes- 
sions than is to be had in the ordinary schools. The instruct 
tions given extend to the higher Algebra, Analytical Geometry,? 
the Differential and Integral Calculus, Pure Mechanics, the 
science of Machinery, the Mechanical and Chemical part of 
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Physics, Optics, Agriculture, Chemistry, general, analytical, 
and as applied to the arts, Technology,erystallography, Oryc- 
tognosy and Geognosy, Botany and Zoology. To teach these 
sciences seven professors are already appointed, two of whom 
are chemical, and for practical purposes there are two labora- 
tories, to which all students are admitted under certain regula- 
tions, and a work-shop in which, under proper superintendence, 
practical mechanics is taught. 

The students are of two classes, partial^ those who attend 
perhaps one or two courses of lectures, and regular, who attend 
all the classes, and go through the regular course assigned by 
the statutes. The former are admitted without any examina^ 
tion at the rate of four dollars, (8s. 6d English,) a year for each 
course^ and 6s. for the laboratory or work-shop, and thus the po- 
pular sciences are open to all at a very moderate charge. The 
regular students undei^o a previous examination in their native 
tongue, — ^in French and German, History, Geography, Arith- 
metic, Geometry, Trigonometry, Algebra as far as Quadratic 
Equations, and the theory and uses of Logarithms. They pay 
ten dollars quarterly, or a little more than four guineas a year, 
for all the benefits of the institution. None of these fees are 
paid to the professors, — ^all go to a common fund, from which the 
total expences are paid, with such aid from government as may 
be found necessary. The entire Cursus occupies two years of 
two sessions each, after which the regular students undergo the 
Polytechnic examination. This examination, at the choice of 
the student, may extend either to the mechanical part, compris- 
ing Mathematics and the knowledge of Machinery, Machine 
Drawing, Mechanics, Chemistry applied to the Arts, and Tech- 
nology^ in which case he becomes, after examination, a •Cart- 
didate in Mechanics^ or it may comprise a certain portion of 
these with all the other branches taught in the institution, in 
which case he becomes a Candidate in applied Natural Science, 
or he may be examined in all these together, when he has the 
title in both, (Candidater i Mechaniken og anvendt Naturvi- 
denakab,) and receives his diploma accordingly. 

The state of natural science in Copenhagen is not very high, 
though the University reckons several celebrated men among 
its scientific professors. Chemistry, botany and zoology, are 
the favourite studies. Even these, however, can boast of com- 
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paratively few cultivators. Here, as in most countries, the 
greater iiumber, indeed the great body of the students, confine 
themselves exclusively to what is necessary for passing their 
examinations, and the knowledge this requires, they may attain 
either by attending the prelections, or by private study. There 
are few who cultivate science for its own sake, few amateurs, 
those who do give themselves up to it having generally a view 
to the professions. Among a population of less thao two mil- 
lions, by no means rich, many independent cultivators of science 
are hardly to be looked for, and yet, even here, they contrive 
always to have a very respectable amount of talent and indus- 
trious persjBverance collected together in the professional body. 
There is little inducement to study for a chair^ and hence a 
predilection to science may be looked fi>r in those ^ho choose 
to do so. It may often be remarked of the men of science in 
England and the north of Europe, that the former are general- 
ly more active before they obtain chairs or other lucrative em- 
ployment, the latter after. The former often work to obtain 
emolument, the latter, having obtained the means, begin to la- 
bour for distinction. I would not be understood by this remark 
to make any thing like a sweeping assertion against our scienti- 
fic men, eidier those who fill public ftmctions or occupy private 
stations. No country in Europe probably can produce so many 
examples of private devotion to science as our own : and it is 
the boast of our public seminaries, that among their professors 
are ranked some of the first men in Europe in every department. 
But they who have attended to the history of scientific men in 
Great Britain will recollect many instances of individuals en- 
dowed with rare talents for the promotion of science, who, after 
making a few successftd steps in advancing her interests or en- 
larging her boundaries, h^ve neglected, or utterly forsaken this 
noble purstiit, for one that promised a more solid and immediate, 
and, probably, a more golden harvest. 

Professor Oersted, the founder of the science of electro-mag- 
netism, stands at the head of the physical school ^t Copenhagen. 
He is a man of 52 years of age, below the middle size, of open 
and florid complexion, inclining a little to corpulency, juid of 
kind and gentlemanly manners. In conversation he has a habit 
of looking rather upwards,. acquired probably from the peculia- 
rity of his vision, being very near-sighted. He is universally 
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e^te^mfd, Qo^ for )iis taints on}y, i^a4 s^ u^ |he caiiBe of 
spience, whicl^ ha?e procured him high respecl in ionifpi eouvL-^ 
triers, but also for his pleasing and amiable disposition. As a 
writfrr he was formerly known chiefly f<»r his theoretical and me- 
taphysical papers. Many of the views he then entertained he 
is said to hl^ve abandoned since he began to ^^ interrogate na% 
tore for himself."^ His first experiments on electro-magnetism, 
when he discoyered the action of the galvanic pile on the mag- 
net, were made so' late as the winter of 1818-19» and the most 
complete yieif of the results then obtained is contained in a 
short Latin disaertation * of four quarto pages, dated Copenha- 
gen, July 1820. t 

When I called on him I found him engaged with his galva- 
nic apparatus on a series of experiments which he proceeded to 
explain to me without the slightest reserve. Ther^is nothing 
more gratifying, and few things more useRd to a lover of the 
experimental sciences, than to see the apparatus and witness 
the manipulations of successful cultivators in their several labo- 
ratories. There are so many minutiss in the forms of apparatus 
-r-in the mechanical contrivances for rendering them efficient, or 
for saving time ; and in the modes of n^anipulation which expe- 
rience suggests, but which no one would ever think of putting 
into a book, — that it is now almost necessary for the cultivator 
<^ experimental philosophy, who would improve his time, to make 
himself acquainted with these various matters by direct an4 per- 
sonal observation. I paid Oersted several visits ; saw all his ap- 
paratus, which is entirely modem and in excellent order ; and 
found him on every succeeding visit the more pressing upon me 
to return. The establishment of the Polytechnic Institution 
had devolved upon him, and then occupied much of his time ; 
but when not engaged with this affiiir, I found him always busy 
either writing or experimenting. He is publishing at present a 
'^ System of Mechanical Philosophy ^ Itnd on showing me some 
of the proof sheets, he observed, '* I itm taking a long time to 
complete it — I get on so slowly, for when I am writing, a new 
idea comes into my head, and away I go to my experiments.'^ 

His motives to exertion may be judged of from his remarks, 
when speaking of a celebrated lecturer on chemistry in Scot- 

• Expetimenta Circa effectum Confiictus Ehctrici in Acum Magneticam, 
i* Prp^sssor Oersted has given the fullest account of bis discoveries in 

the Article THEBvorJCLccTBiciTY^ which h^ has wfit^nin iUbf^Ed^nkUitgh 

Encyclopeedia.'^l&D. 
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Und. " He has every thing in fine order. When I was in Scot- 
land he did me the honour of showing me all his apparatus ; 
but he might do more than give his lectures well."*' — " Ah but 
then he makes money, and perhaps thinks that enough." — "Yes, 
but when a man dies, where is his money !" — " I make honour," 
he said to me on another occasion, " I make honour my first 
reward ! Money may come after if it will." He is rather a con- 
cise writer, and prides himself a little on this quality of his com- 
positions. '* I write,'' said he to me one day,' " as if I were to 
pay for every line. I know some men who write as if every 
line were to be paid for.'' — " T had once a memoir sent to me, 
which, among many good things, contained also many indifie- 
rent." My remark to the author was, *' If you will leave out 
ten dollars worth, it will be worth 100 dollars more !" 

He proposes to publish a volume of memoirs, comparing with 
each other the results of metaphysical and experimental philo- 
sophy, as soon as his work upon mechanics is fairly out of his 
hands. Like most other discoverers, he complains of plagia- 
risms and unjust appropriations by others of what he was the 
first to make known ; but such things to a certain extent can 
hardly be avoided without an access to foreign publications which 
naturalists cannot always command, or their knowledge of lan- 
guages enable them to make use of 

Oersted is secretary to the Academy of Sciences of Copen- 
hagen, and his merits have procured for him the order of Dane- 
broge, and the title of counsellor of state. 

The Royal Society of Copenhagen — " Det Kongelige dan^ 
ske Videnskabers Setskab^ — is the oldest, as it is the most im- 
portant Philosophical Society in Denmark. It was founded 
in 1743. There is also a Society for the Encouragement of Ex- 
perimental Science, but it is of a practical kind, partaking of the 
character of the "Society for the Diffusion of Useful Knowledge" 
in this country. The Royal Society has had the direction of 
two highly important works, a Complete Survey and Geography 
of Denmark and the Dukedoms^ and a DicOonary or Ordbog of 
the Danish language. Oersted, as I have already mentioned, is 
secretary and editor of their yearly Transactions. 

Zeise is well known to chemists as the discoverer of Xantho. 
gen and its compounds. He is professor of chemistry (professor 
extraordinarius) in the university, and has lately been appointed 
ordinary professor in- the Polytechnic Institution. He is a la- 
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borious man, but of a melancholy and reserved habit, and shunv 
rather than courts society. Though he paid me some little at- 
tention, I found him, on that account, but an indifferent com- 
panion for a stranger, to whom the most communicative person 
is generally the most acceptable. In his laboratory, which I 
saw nearly in its perfect state in the new buildings of the Poly- 
technic Institution, on my second visit to .Copenhagen, there 
was nothing which struck me as worthy of remark. It consist* 
ed of several apartments, bat all of them seemed to me too 
small and confined. He is engaged at present with a work on 
the Elements of Chemistry^ the first two volumes of which are 
abeady published. The last system of chemistry in the Da- 
nish language is thirty years old ! In tlie university, therefore, 
they use French and German works, which the students can all 
read with ease. In the Polytechnic school it is one of the re- 
gulations, that all the lectures shall be after some printed book, 
either Danish, French, or German, and hence an inducement to 
write Danish books, as it in some measure insures their sale. 

Though chemistry be one of the more popular sciences in 
Denmark, as it is elsewhere, yet it is but little studied. This 
may arise partly from the want of a proper lecturer on that de«> 
partment in Copenhagen. Zeise indeed told me he had once 
or twice given a public course unconnected with the university; 
but I could not learn that he had been very successful. He 
has ample science, but will hardly, I should think, make his lecr 
tures showy and attractive. In so large a city, a good experi^ 
menter, with a popular manner, might surely secure a respectable 
audience for such an annual course of lectures. Even students 
of medicine give little attention to it, as the knowledge of che- 
mistry required for degrees in that faculty has not hitherto been 
very extensive. Zeise's class consists generally of about forty ; 
but as it is a course of chemical pharmacy, it is attended chiefly 
by those who are educated as apothecaries. 

The most diligent and best known chemist in the Danish do- 
minions is Pfaff, of whose labours the German journals show 
ample proofs. He is besides the author of some chemical and 
pharmaceutical works of considerable repute ; but as Kiel is a 
German University, and the pra^lections are delivered in Ger- 
man, his books are also in thatianguage, and therefore not fit- 
ted for the islands and states of Denmark proper, for which 
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Zeise'8 work is intended. I wished much to have visited Pfaff 
and the University of Kiel, but the rapid approach of winter 
on my return to Copenhagen in the end of October prevented 
me frqm prolonging my stay in the north of Grermany. 

Dr Forckhammer is lecturer on geology and mineralogy in 
the University, and of mineral and inorganic chemistry and ana- 
lysis in the Polytechnic Institution. He is known for several 
chemical papers, but has been more lately employed in eluci- 
dating the geology of Denmark, with a view to a map of its for- 
mations. He has visited the Faroe Islands, and published some 
account of their geology in the Transactions of the Danish 
Academy of Sciences. In the same work for 1825, he has 
written upon the structure of a part of Zealand and the neigh- 
bouring islands ; and more lately (1828) a paper on the Island 
of Sylt, bemg the first of a series on the geology of Denmark. 
. Geology and mineralogy receive little attention in Denmark. 
There is not even a work on mineralogy in the language. I at- 
tended one of Forckhammer's lectures on geology, and found he 
had only four pupils. In his winter course he has about ten. 

There is little inducement, indeed, to study these sciences in 
that country. The mineral species it produces amount only to 
about thirty, and the geological formations are still more limited. 
While Norway remained in possession of the Danes they had a 
boundless field for both studies. Every min^alogiat knows 
how rich that country is in minerals, and Von Buch has shown 
it tq be no less rich in a geological point of view. 

Still in the splendid collections to be found in Copenhagen, 
there are abundant facilities for the study of mineralogy. To 
the Museum of Natural History is attached a cabinet of mine- 
rals, (Eing> cabinet) particularly rich in specimens firom Green- 
la|id, IceUmd, Norway, and the Faroe Isles. The silver mines 
erf Kongsberg in Norway have sent to it some splendid masses 
of native silver. One of these is about six feet long, two feet 
broad, and eight inches thick. Pieces of the rock are attached 
to it, but nearly half of the whole is solid silver ; and the value 
of it is said to he 10,000 dollars. Another eptirely of pure sil- 
ver is about two feet Iqng by one foot in breadth and thickness.* 
This eaUnet contains many unexplored treasurer; most of the 
new Greenland and Nprweg^ minerals having Ipng Im th^re 

* I did not see these specimens^ and copy from a description, which is 
probably exaggerated. 
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unknown and neglected. The same is said to be the case also 
with the collecti(Mi of minerals belonging to the university. 
Both indeed are little better than a sealed book—- even the pro- 
fessors know little about them ; but the persuasion is, that many 
new things might be detected in them by a careful ezaminati<m. 
They have hitherto been under the direction of a -professor of 
the old school, who knew but little of the present state of his 
science, and, as some are wicked enough to say, cared still less. 
By a late arrangement, however, he has been relieved from the 
charge, and it is hoped a year or two will see these cabinets 
brought into the order they deserve. It is to be regretted, in- 
deed, that minerals collected during years of toil and privation, 
by such men as Gieseoke, should be lost to the world through 
the incapacity of a professor of minerabgy, whether that inca* 
pacity be the result of age or of any other cause. ♦ 

But the mineralogist will not entirely lose his time at Copen* 
hagen. Besides other private collections, among which must 
be mentioned that of Conferancerad Monrad, which I had not 
the pleasure of seeing, he will visit with much gratification the 
splendid cabinet of the heirr-apparent, Prince Christian Frederick. 
Jt i£f under the immediate care and superintendence of Count 
Vargas Bedemar, and is in the vejy beit order. The Prince 
i|nd the Count are equally zealous and inde&tigable in procur* 
iqg additions to it, and equally courteous in showing its trea* 
sures to the stranger. I spent a portion of two days in it, and 
I owe to bpth an acknowledgment of their kind attention. It 
is arranged according to the system of Haiiy, and contains about 
10,000 specimens. Were it only displaced in a larger suite of 
apartments, there would remain nothing to be desired. The 
Prince has also formed a geological cabinet, and his collection 
of shells which, from their not interesting me, I did not visit, 
i^ said to be as fine and as well kept as his mineral cabinet. 

It is probable that practical chemistry and mineralogy will 

* Things would appear to have been better managed in 1808^ when 
Von Bnch described the mineral collectionB of Copenhagen. He praises Pro- 
fessor Wad fos being the first to put the royal cabinet in any kind of order, 
— apd feels iquch pri46 in numbeiing so desepring an individual among 
hJ8 brother Wernerians. But twenty-two years have done much for mine* 
ralogy^ and have rendered necessary a much higher order of talent and in- 
fbrmation to the scientific arrangement of the productions of the mineral 
kingdom. ' 
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be brought into greater repute, in consequence of the regulations 
of the Polytechnic Institution. It is there provided that each of 
the chemical professors shall admit the students into his labora- 
tory twice a-week for three hours in succession. For this 
purpose they are separated into three divisions, one of which is 
admitted each day, so that every student has two lessons, or six 
hours of laboratory- work every week. The fee for this practical 
course is six dollars, or l^s English. 

The zoological part of the Museum of Natural History is un- 
der the care of Professor Reinhardt, and is said to have many 
treasures. Only part of these, however, are yet in a fit state 
for public inspection. This part consists chiefly of birds and 
fishes, and is open to the public twice a-week in a house in the 
Storm -Gaden. This museum is also rich in shells and insects. 

Professor Homeman is well known to botanists. He is an 
old grey-haired man, beneath the middle size, and said to be 
approaching his eightieth year ; yet he is very active and indus- 
trious. Professor Zeise was kind enough to accompany me to 
the Botanic garden, connected with which and with the lecture- 
room is the house in which Homeman resides. Attached to 
the garden also is a library well stored with botanical works. 
It occupies a large room over that in which the lectures are 
delivered. Here we found him with two assistants, all busy 
among heaps of dried plants. The work at which he has long 
laboured is the well (mown Flora Danica. It was begun in 
1756, during the reign of Frederick the 5th, by both of whose 
successors it has been liberally patronized and supported. The 
first ten fasciculi were published by Oeder, who travelled much 
and laboured indefatigably for the benefit of the work. He 
was succeeded in the editorship in 1771 by Miiller, who, being 
more devoted to zoology than botany, published only five fasci- 
culi, and these of inferior merit. From 1788, to the beginning 
of the present century, it was under the care of the celebrated 
Martin Wahl, author of the well known Enumeratio Planta^ 
rum, under whose auspices six large fasciculi were added to the 
former fifteen. In 1804 the work came into the hands of Pro- 
fessor Homeman, who has been equally assiduous. He has pub- 
lished twelve parts, forming four volumes, containing each 180 
plates, and describing in all about 900 species of plants. When 
the work may be completed it is impossible to say. Th^ Flora 
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of Denmark comprises about 5000* species^ of which, though the 
work has been seventy-four years in progress, and for the greater 
partof the time indefatigably edited, only 8200 are yet published, 
so that little more than two-fifths of the labour hais yet been 
performed. . ^^ When do you expect to haye it finished,^ I said 
to Homeman one day. '' Ah Monsieur je ne le finirai jamais; 
Je ne peut pas vivre assez long temps pour cela.^'— ^^ But how 
many tomes do you think it will occupy.*"— ^^ Quinxe peut-etre ; 
c'*est une chose tres laborieuse de faire un tel ouvrage.'" 
. Among the botanists on the continent it is pleasing to hear 
those of our own country spoken of in such honourable terms. 
Among cryptogamists the first question asked of me was usually, 
" Est-ce-que vous connoissez Monsieur GreyiUe k Edinbourg ;^ 
for this exceedingly accurate botanist stands deservedly at the 
bead of his department 

We spoke of Dr Hooker : ^^ Oui j'^en connois baen, mais je ne 
Tai jamais vu C and he pointed out to me upon his shelyes Hook- 
er's Fl(yra Scotica^ his EwoHc Flora and Jungermemnia ; and 
with these Dilwyn's Conferv€B and Sir J. £. Smithes works. 
Then, as we went along the garden, he was careful to point out 
410 me a red Fotentilla from Nepaul (PotentMa fomtoea) 
which he received first from Glasgow. 

^^ Mons. Greville,^' said Homeman, ^< vous Pavez vu, il est 
homjne grand, n'est ce pas ?^ — ^' Yes, he is above the middle 
size.'" — " Ah, Je Fai figure a moi-meme — ^un homme tres grand.^ 
— ^^ How so? Is it that you thought him a great botanist?^— « 
^* Peut-etre, — ^il est grand botaniste sans doute, surtout dans les 
Cryptogamiques, — dans les Cryptogamiques il est^ peu pres 
parfait.'' And Dr Hooker, '' Je Timagine d'etre petit.""— '< But 
he is a tall man."" — ^* Ah le voila J comment on se trompe de 
ceux quils n'ayent j'amais vu !"" — ^^ And how came you to sup- 
pose Dr Hooker a little man ?"" — ^^ Je ne sais pas."" — ^^ But he 
is an eminent botanist !"" — '^ Ah oui, oui, il est un de vos meilleurs 
botanistes, mais il nefaut pas d"etre homme grand pour devenir 
grand homme."^ — '' Still don"t you think the chances are in fii- 
vour of a little man, for the same amount of genius will be more 
concentrated when it has less space to be diffused over, anddon"t 
you see that most clever men are little."" — *^. Oui, oui, cest une 

• 1600 Cotyledonous. 
3200 Acotyledonous. 
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bdnne idte, et quel mallieiff tie seroit il pas pour n6iis ttois s^il 
etoit necessftire d^etre homme grand poor avoir da geriie ?^ 

Botany shares, ^ifli dhemistry, the little attention paid to 
seieftce in Gopenbi^n. It is indeed the favourite study in Den- 
mark. It is taught in some of the learned schools ; and besides 
those whose course of study requires them to attend lectures on 
botany ihere are also a few who study it as amateurs. I have 
seen in North Jtitland a party of half-a^osen proceeding along 
the road with their vasculums slung over their shoulders. But 
the value set upon it in g^eral does not seem to be vety gteat. 
*^ At the lectures which are giveil gratt$^ said Horueman, '< I 
have perhaps a hundifed pupils, — ^mais quand il faut pay^r, nia 
foi ! je nai qu** im vingtaine.'"— " And what is the fee p'*— " Cinq 
dallar f" about 1 Ss. Engliidi. 

Th^ lecture-room is lai^, but, as I saw it, dirty and desti* 
tttte of accommodation,— *a simple table and chm^ in the middle of 
the room, imd a few fbrms for the pupils, being all it contained. 
There are about it none of those agremena which throw so 
pleasing an air aroulid the botanical lecture-toomi^ in Edinburgh 
and Glasgow. There was also a want of neatness in the keeping 
of the garden ;— 4t is more a storehouse of plants than an agreed- 
able exposition of the beauties of Vegetable natute. StiA it is k 
rich stordiouse ; and though rathe^ confined, containi about 
7000 species. Professor Homeman is himself inde&tigable, 
and I never found him miemployed. If he coidd inspire his gtfr-* 
doners with a little of bis own sefll, the appe^anee of tilings 
would soon alter for the better. The garden is kept up hi the 
ejqpence of gevehiment ; and, though the low state of the Dtttish 
exdhequer forbids liny lavish expenditure on this department^ 
yet the want of neatness, one would think, damiot be entirely 
die fault of the authorities. 

Th6ugh the winters rH colder in Copeiihilgen than with us^ 
the summers are much wanner. Grapes, apridots, and figs all 
ripen in the open air. The branches of the fig tte disengi^ed 
from the wall during the winter, stretched out upon the ground 
and covered up. 

Dr Schouw is extraordinary professor of botany. He was 
educated for the law, but, tuniing his attention to botany, was 
first sent out on a tour at the expence of government, and 
afterwards, by the desire of Homeman, elected professor extraor- 
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dinarius. The geography of pUnts is the department to which 
he has zealously attached himself. He is ah*eady favourably 
known by an excellent work on ancient climate^ and he has an- 
nounced one on the climate of Italy. During both of my visits to 
Copenhagen he was absent in that country collecting materials. 

The mathematical sciences are not much cultivated at this uni- 
versity. Euclid is taught in all the learned schools to the extent 
of four books, — a work by Dr Ursin, professor of aatlonomy, 
being employed as a class-book ; but it does not occupy any 
prominent place among the studies included in the Cursus 
AcademicuB. The professors^ however, are learned men. The 
celebrated Schumacher is professor of astronomy, though, from 
dislike to Copenhagen, he generally resides at Altona. Pro- 
fessor Schmidten also has published several analytical papers 
in the TramacHons of the Royal Socieiy of Denmark ; and 
the following annonce would imply, that the fault does not lie 
with him if the higher mathematics are less deeply studied. 

M. Henricus Gemer Schmidten, Math. P. P. £. quatuor per 
hebdomadem diebus, horfi accuratius indicandi mechanica^l pu- 
ram publico explicabit lis prseterea, qui unam alteramve analy- 
seos sublimioris partem illustratam voluerint consukre atudebit. 

PoaTOBBLLo, 19/A August 1880. 

Art. II. — Notice of the petfbrmance of Steam-Engines in 
Cornwall Jbr April, May, and June 1880. By W. J. 
Hekwood, F, G. S., Member of the Royal Geological So- 
ciety of Cornwall. Communicated by the Author. 
Reciprocating Engines drawing Water, 
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-^ti 1^, If is^-a-s 



Stray Park, - 64 7,76 6,25 7, 4,4 87,6 

HuelVor, - 68* 7,26 6,76 17,6 6,9 27,9 

7,6 19,68 6,3 44,8 

6, 8,09 6,7 38,S 

7,6 14,4 6, 60,2 

6,6 14,8 6,8 «7,a 

Poladnw Downs, 70 10, 7,6 10,1 7,2 69,6 

HiwlReeth, 36 7,5 7,5 15,3 3,3 24,4 



^8 Mr Henwood's Account of Steam-Engines in Cornwall. 

lull Jllls^* £^i|li£ 



Balnoon, - 80 8, 7, 9,2 2,8 19,9 

HuelTowan, - 80 10, 8, 11,2 6,8 76,6 

80 10, 8, G,B 4.,4 69,4 

United HiUs, - 68 8,26 6,5 8,6 4,3 46,8 

Crinnis, - 66 6,76 6,76 9,1 6,1 41,6 

Huel Unity, - 62 6,66 6,76 9,19 6,7 33,6 

60 7,25 5,76 13,8 3,1 36,2 

Poldice, - 90 10, 7, 10,64 5,7 48,1 

60 9,6 6,25 12,8 6,5 44,7 

Huel Damsel, - 42 7,6 6,76 21, 4,8 33,3 

50 9, 7, 10,1 3,1 36,6 

Ting Tang, - 63 8, 6, 16,2 4,7 44,4 

66 9, 7,6 12,6 3,6 64, 

Cardtew Downs, 66 8,76 7, 11,67 6,6 62,8 

Huel Harmony, 70 9,26 7, 9,68 6,2 37,1 

Huel Montague, 60 9, 7, H, 2,6 23,6 

Dolcoath, - 76 9, 7,6 11,87 4,7 42,6 

Great Work, - 60 9, 7, 10,25 6, 47,7 

Huel Caroline, 80 7, 6, 29,8 7,6 33,1 

63,6 8,33 7, 7,67 6,8 23,2 

St. Ives Consols, 36 7, 7, 16,3 6,2 27, 

Binner Downs, 70 10, 7,6 10,9 8,6 61,1 

64 9,33 7,76 10, 9,6 55,5 

42 9, 7,5 14,63 7,6 41,9 

ConsolidatedMines,90 10, 7,6 8,82 6,6 67,7 

70 10. 7,6 10,92 6,6 62,1 

66 9, 7,6 16,94 2,9 69,6 

90 10, 7,5 8,83 6,9 62,7 

90 10, 7,6 7,3 4,2 39,1 

66 9, 7,6 12,46 6, 64,7 

United Mines, 90 9, 8, 7,9 4,3 49,6 

30 9, 7,6 13,66 8,6 48,1 

Hud Beaucbamp, 86 7,75 6, 13,5 4,4 87,2 

Huel Rose, - 60 9, 7, 14,8 6,7 61,9 

Pembroke, 80 9,75 7,26 11,34 3,6 61,6 

60 9, 7, 11,68 6, 48,9 

East Crinnis, - 60 5,6 5,6 8,67 4,6 26, 

70 10, 7, 9,4 3,6 37,9 

East Huel Unity, 45 8,75 6,75 13,15 3,6 36,8 

Huel Hope, - 60 9, 8, 11,72 6,7 66, 

HuelTolgus, 70 10, 7,6 8,47 5^ 62,6 
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Tresavean, 


60 


9, 


7, 


7,67 


6, 


23,2 


Huel Falmouth, 


58 


8,76 


6,5 


4,99 


4,6 


29,2 


Hue! Sperris, - 


70 


10, 


7,5 


7,05 


6,3 


44,9 


Huel Prosper, - 


53 


7, 


7, 


4,28 


6, 


30,8 


Huel Leisure, - 


36 


9,25 


6,75 


14,6 


5,6 


36,9 




70 


9,833 7,75 


6,1 


4,9 


42,4 


M arazion Mines, 


60 


9, 


8, 


9,35 


6,6 


54, 


Huel Vor, 


24 


6, 


3, 


12, 


16,3 


20,7 




27 


6, 


2,5 


12,5 


17,5 


23,8 




16,6 


5, 


2,6 


8,6 


26,8 


15,1 



Average duty 44,3 millions of lbs. lifted one foot high by 
the consumption of each bushel (84 lbs.) of coal. 

Watt's rotatory double engines, working machinery for bruis- 
ing tin ores. 

Average duty of rotatory double engines, 19.87 millions. 

* Watt's double engines. All the other engines are Watt's 
single. 

Art. III. — Electro-Magnetic Experiments. By Dr G. Moll,' 
F. R. S. E. M. A. S. Professor of Natural Philosophy in 
the University of Utrecht. Communicated by the Author. 

In the Transactions of the Society for the Encouragement 
of ArtSf Manufactures J and Commerce^ Mr Sturgeon of Wool- 
wich, has given a description of an elegant and curious appa- 
ratus, with which many striking electro-magnetic experiments 
may be performed. Among these, is a soft iron wire, bent in 
the form of a horse-shoe, wound round with copper wire. The 
ends of this copper wire, being made to communicate with the 
opposite poles of a galvanic apparatus, the iron becomes a strong 
horse-shoe magnet, capable of supporting a heavy bar of iron. 
On lifting the connecting wire out of the cups, the force is 
immediately destroyed, and again restored on plunging the 
connecting wire of the battery again in the cups. 

This apparatus I saw in 1828 at Mr Watkins's, curator of 
philosophical apparatus to the London University ; and the 

NEW SERIES, VOL. III. NO. II. OCTOBER 1830. O 
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horse-shoe with which he performed the experiment became 
capable all at once of supporting about nine pounds. 

I immediately determined to try the effect of a larger gal- 
vanic apparatus on a bent iron cylindrical wire, and I obtained 
results which appear astonishing, and are, as far as the intensity 
of magnetic force is concerned, altogether new. I have anx- 
iously looked since that time, into different scientific continen- 
tal and English journals, without finding any further attempt 
to extend and improve Mr Sturgeon's original experiment. 

I procured from Mr Watkins a soft iron wire, bent in the 
shape of a horse-shoe. The length of the horse-shoe was 
about 81 inches, and one inch in diameter. A copper spiral 
wire was twisted round this iron from right to left (sinistror- 
sum.) The diameter of this wire was about J inch, and it 
was twisted or coiled eighty-three times round the iron. The 
ends of this wire were made to pluage in cups filled with mer- 
cury, in which the connecting wires of the zinc and copper 
poles of a galvanic apparatus were likewise immersed. 

The weight of the horse-shoe, together with its surrounding 
spiral wire, was about five pounds.* A piece of soft iron, con- 
structed in the same form as the iron which connects the ends 
or poles of a horse-shoe, or armed magnet, weighed about 1 1 
pound, or 630 grammes. 

The galvanic apparatus used consisted of one single copper 
trough, in which a zinc plate was immersed. The acting 
surface of this zinc plate was about eleven English square feet. 

When the conducting fluid was poured into the trough, the 
horse-sho^ immediately became a strong magnet, capable of 
supporting about twenty-five kilQgrammes or fifty pounds. 

If weights are added with some caution, this extempore mag- 
net may be brought to support seventy-five pounds or thirty- 
eight kilogrammes. 

The south pole of the horse-shoe magnet is on that side 
on which the copper spiral wire is dipped in the cup connected 
with the zinc plate ; the north pole, of course, is on the side 
communicating with the copper trough. 

* The pounds mentioned here, are Dutch weight, of 16 ounces in the 
pound. This is somewhat heavier than avoirdupois. Two pounds are 
a little less than one kilogramme. But if no great accuracy is required, 
two pounds may be estimated equal to one kilogramme. 
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We call the north pole of a magnet that end of it which, in 
a magnetic needle, points to the north. 

The rapidity with which such a powerful magnet, capable 
of supporting seventy-five pounds, is produced, is truly asto- 
nishing. With equal celerity the magnetism is destroyed and 
the poles reversed, merely by shifting the connecting wires 
of the battery from one cup to another. 

The magnetism of this horse-sho^ is not, however, instan- 
taneously destroyed, merely by taking the connecting wires 
out of the cups, and without shifting them from one cup to 
another. Instead of suspending from the magnet the maxi- 
mum of what it is able of supporting, if a lesser weight, twenty 
pounds or ten kilogrammes be attached to it, the magnet will 
not cease to support the weight, immediately after removing 
the wires from the cups, but continue to attract the weight 
for a longer or shorter time, according to the strength of the 
magnet. The heavier the weight which remains thus sus- 
pended, the shorter will be the time after which it falls down. 

If the iron bar which so connects both poles of the magnet 
is supported by the hand, whilst the wires of the battery are 
removed from one cup to another, the velocity with which the 
poles are reversed may be actually Jislt by the duration of the 
impression of the weight on the hand. This duration is cer- 
tainly much less than one-tenth part of a second. 

If we compare the velocity with which the poles are chang- 
ed, only by transferring the wires from one cup to another, 
with the trouble and time required to change the poles of a 
common magnet, capable of supporting 76 pounds, ifbecomes 
rather difficult to bring the rule of Horace, Nil admirari^ 
in actual practice. If the poles of the horse-shoe are con- 
nected, not by the heavy iron rod, or supporter, but by a 
slender steel needle, the poles may be reversed before the 
needle by its weight overcomes the resistance of the air. 
When the wires are shifted, a transient motion is perceptible 
in the needle, but it does not fall. 

When the horse-shoe is loaded till the weight falls, its mag- 
netic force will be found considerably weaker, and some time 
must elapse before it becomes again capable of carrying the 
same weight as before. It is well known ths^t common horse- 
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shoe magnetSy when allowed to drop their load, are conside- 
rably weakened, and often never recover their former strength. 

In the experiments which I am now relating, the strongest 
action of the horse-shoe takes place the instant when the 
trough is filled and the connection is made. 

Although this horse- shoe is only possessed of a transient 
magnetic force, the duration of which is limited to that of the 
galvanic action of the battery, it is capable of communicating 
strong and lasting magnetism to hardened steel bars and com^ 
pass needles. If a steel bar be rubbed several times from end 
to end along the poles of the horse-shoe, lasting magnetism is 
communicated to the bar, exactly as could be effected by any 
other strong horse-shoe magnet. By touching the horse-shoe 
in a contrary direction, the magnetism of the bar may be de- 
stroyed, or the poles reversed at pleasure. In a similar way, 
strong magnetism may be impregnated in compass needles, or 
their poles reversed. 

It is a well known fact, that lightning often destroys the 
action of compasses on ship board ; and even there are in- 
stances upon record of serious accndents being occasioned by 
the poles of compass needles being inverted by the electricity 
of lightning. Prudent navigators provide themselves often, 
on long voyages, with a set of magnetic bars, by means of 
which the strength of their compass needles, if impaired or 
lost, may be restored. But it is possible, nay it is probable, 
that the same stroke of lightning which destroys the magne- 
tism of the compass needles may also spoil that of the steel 
bars. A copper trough of modern dimensions, a zinc plate, 
a little sulphuric and nitric acid, or, if that was considered too 
dangerous, some sal-ammoniac, and withall a soft iron wiret 
bent in the shape of a horse-shoe, and wound round with cop- 
per wire, would constantly insure the certitude of restoring 
magnetism on ship board. 

After making these experiments, I was anxious to know if 
the power of the magnet was susceptible of still farther in- 
crease by augmenting the strength of the galvanic apparatus. 
A second trough, the acting superficies of which was about 
six square feet, was added to the first. The zinc plate of one 
trough was connected' with the zinc of the other, as also the 
copper of the one with the copper of the other. Thus the 
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superficies brought to action was about seventeen square feet. 
But the horse-shoe magnet had acquired, it would appear, its 
maximum of strength, for its magnetic force was not matm- 
ally increased by this augmentation of galvanic power. 

I afterwards tried, with the same view, the powerful gal- 
vanic apparatus of Colonel Offerhaus, which I formerly de- 
scribed in Dr Brewster'^s Journal.* But no increase of gal- 
vanic power was capable of increasing the strength of the 
magnet beyond a certain limit. 

Another iron wire, bent in the shape of a horse- shoe, and 
similar in every respect to that with which the preceding 
experiments were made, was surrounded with a spiral coil of 
hrctsa twisted from left to right, (dextrorsum.) The effect 
was exactly the same as with copper wire, except that the 
spiral being wound to the right hand side, the north pole was, 
as might have been anticipated, on the side connected with 
the zinc. 

A brass horse-shoe, wound round either with an iron, a 
brass, or a copper wire, did not show the least effect. I did 
not, indeed, expect the least result from this experiment, 
which was made at the instance of a friend. 

It has been shown by the former experiments, that it is of 
little consequence whether a brass or a copper spiral be used. 
An iron spiral was tried in its turn, but the precaution was 
taken of coating the horse-shoe with silk. The iron spiral, 
wound to the left hand, was /^th inch in diameter; the 
weight of the apparatus about three kilogrammes, or six 
pounds, the iron, connecting the ends of the horse-shoe, about 
1| pound. The apparatus thus arranged proved stronger 
than the former; it supported eighty-six pounds, or forty- 
three kilogrammes. 

Encouraged by these results, I increased the size of the 
horse*shoe, with a view of investigating whether any conside- 
rable augmentation of power might be thus produced. I had 
a horse-shoe prepared of about 12^ English inches high, and 2 J 
inches in diameter. A brass spiral of one-eight inch diameter 
was wound forty-four turns from right to left round this 
strong bar. The weight of the apparatus was about thirteen 

• Edinburgh Philosophical Journal, t. 6, p. 52. 
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kilogrammes, or twenty. six pounds. The connecting bar of 
the apparatus weighed about four pounds. With an acting 
galvnnic surface of eleven square English feet, the magnet sup- 
ported sixty-seven kilogrammes, or 135 pounds weight. 

The horse-shoe was afterwards coated with silk, and an 
iron spiral wire substituted for that of brass. The appara^ 
tus then supported l/)4 pounds^ but I could not succeed in 
making it carry an anvil of 200 pounds weight. 

It is well known that small magnets, generally speaking, 
are stronger in proportion to their size than larger ones. I 
procured a small horse»shoe, coiled round with brass, and 
weighing in all two pounds. It supported about six pounds. 

Vallemont* relates that S. Augustine, was considerably 
alarmed and terrified, by witnessing some magnetic experi* 
ments, amongst which was a magnet supporting several iron 
rings, suspended from each other. The reverend father does 
not appear to have been deeply read in Greek philosophers 
and Latin poets, else he might haver known, that the ex- 
periment which surprised him so much was known in the days 
of Plato, and described by I^ucretius. S. Augustine would 
probably have been still more alarmed if he had seen magnets 
capable of supporting 154 pounds, formed in an instant, and 
their poles taken away or altered with the velocity of lightning. 

The poles of this large magnet were altered, restored, or 
destroyed with prodigious speed. It proved exceedingly well 
adapted to communicate a strong magnetism to bars of steel 
or compass needles. ^ 

My next trial was, whether it would be possible to increase 
the power of a common horse-shoe magnet of hardened steel. 
A magnet of this description, eight inches and a-half high, 
weighing about eight pounds, having lost much of its former 
strength, and capable only of supporting about five pounds, 
was twisted round with brass wire. It was exposed to gal- 
vanic action during several hours, but its strength was not in- 
creased in the least degree. 

I am far from supposing that the utmost force which I was. 
able to produce by galvanism is the limit of what may be 

* Vallerocnt* Detcription de Vaimantf qui ten formd a la pointe du clo^ 
cher neuf de A^- D, de Chart res, p, 164. 
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done, and I am continually trying experiments, with a view of 
increasing the magnetic force already produced. At all events, 
it appears that the production by galvanism of a magnet ca- 
pable of supporting 154 pounds, is a curious fact, which a few 
years ago could be little anticipated. 

I took some pains to look over difiPerent books, in order to 
find accounts of large magnets, either artificial or natural ; my 
trouble, however, was not well rewarded. I found but few 
and scanty accounts of large magnets. 

An old Dutch traveller and painter, Jndrees de Bruyer^ 
speaks of an immense natural loadstone, kept in the museum 
of Florence. Lalande, in his Voyage en Italie^ gives some 
further account of this magnet ; but it is, as appears, unarmed, 
and therefore little can be said of its real strength. 

One of the largest natural loadstones which I have seen is 
in the museum of Teyler at Haarlem. It commonly supports 
150 pounds weight ; but the connecting iron piece, the dish on 
which the weight stands, &c. may be estimated at least at fifty 
pounds* Thus the ordinary weight which this loadstone sus- 
tains is 200 pounds. But Mr Van *Marum asserts, that it is 
capable of carrying fifty pounds more, without dropping its 
load. The Teylerian loadstone, therefore, the largest at least 
in this country, carries 250 pounds. 

Another loadstone in the same museum sustains fifteen ki- 
logrammes or 80 pounds. 

A loadstone in the collection of the Society Felix Meritis 
at Amsterdam carries fifty pounds or twenty-five kilogram- 
mes. 

The artificial magnets which were made by the Abbe Le- 
noble were celebrated in their time. The largest weighed 
nine pounds two ounces, and supported 105 pounds French 
poids de Marc. 

Galileo, in his younger days, applied himself much to the 
making of magnets; and Castelli, his pupil, speaks of one 
which weighed only six ounces, and supported fifteen pounds. 

Mr Park says * that one of the Emperors of China pre- 
sented to Toao V. king of Portugal, who reigned from 1 750 
to 1777, a large natural magnet carrying 200 pounds. 

• Park's Chemical Caiechisfft, p. 405. 
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Our countryman Dr Ingenhouss, made very small artificial 
magnets, carrying about a hundred tipies their own weight. 

Professor AUamand of Leyden had a magnet, supporting 
from 80 to 120 pounds. It is now in the collection of the 
Rotterdam Society of Arts and Sciences. 

Coulomb made artificial magnets, weighing teil kilogram, 
mes or twenty pounds, and supporting fifty kilogrammes or 100 
pounds. 

A certain Keilius or Keil, a German doctor, made, it is 
said, magnets of extraordinary power, supporting in some cases 
260 pounds. A horse-shoe magnet of this man weighed, it 
is asserted, six pounds, and supported seventy pounds. 

It appears from this that the magnet which I made by gal- 
vanic force was inferior only to that of the Teylerian Museum, 
that of the Emperor of China, and to that one which Dr Kei- 
lius is said to have made. 

Before the discovery of Dr Oerstedt, it was a matter of doubt 
among natural philosophers, whether any magnetism could be 
produced by galvanism. Now, magnets nearly equal to the 
largest in existence are pVoduced instantaneously by the mere 
application of galvanic power. 

When Dr Oerstedt first published his brilliant discovery, it 
was observed by some that the new facts which were then daily 
brought to light, added very little to the stock of our know- 
ledge. It was said that these facts were unconnected with 
each other, and with any others previously known. I am 
very far from approving these views ; and I am much more 
inclined to believe that the series of new facts discovered with- 
in the last years, clearly points out a more intimate connection 
between phenomena which formerly were held to be entirely 
independent of each other. Perhaps a few years later, and it 
will be generally known that many of these disjoined facts 
are produced by the same general cause. 

Since the days of Gilbert, it has been allowed that the earth 
acts on magnets near its surface, as one magnet on another. 
Every one knows what is meant by the magnetism of the earth. 
Thus the globe of the earth acts as a system of magnets whose 
poles are placed in a certain determined position with respect to 
the terrestrial poles. 
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But a magnety when acted on by galvanism, may be made 
to revolve round its axis. May not, therefore, the revolution 
of the earth, of that immense magnet, be effected by galvanism 
by a similar cause ? 

Magnetic inclination and declination may be produced by 
galvanism. The magnetic needle is subject to inclination and 
variation on the surface of the earth. A magnet revolves on its 
axis when under the influence of galvanism ; the earth revolves 
also on its axis. 

The light produced by galvanism is unrivalled by any other 
artificial light. No argand or any other lamps, or gas lights 
can be compared to that emitted by charcoal placed between 
the poles of a large galvanic apparatus. The light of the sun 
alone is superior to it. Galvanic light in a vacuum will ex- 
tend itself to greater distances, and its appearance is strikingly 
«milar to that of that light which is observed in the vicinity 
of the magnetic poles of the earth, of the aurora borealis. 

To complete the analogy, the emission of this polar light 
has an influence on the magnetic needle, which cannot be 
doubted after the repeated experiments of M. Arago. 

Would it be entirely absurd to suppose that aurora borealis 
is produced in those places where the galvanic force, which 
determines the rotation of the earth, is communicated to the 
globe ? 

No lamp nor gas-light acts on the Bolognese stone, nor on 
Canton^s phosphorus. These bodies are imbibed with light 
only by exposure to the sun's rays. But the same effect may 
be produced by exposing the Bolognese stone or Canton's 
phosphorus to the action of galvanic or electric light. Thus 
galvanic light alone possesses this analogy with sun-light ; and 
galvanic force is alone capable of producing on a smaller scale 
the same effects which are dependent on the action of the sun's 
rays. 

Since Mrs Somerville repeated Morrichini's experiments, 
and pointed out the method of making them with certainty of 
success, it is scarcely possible to doubt the power of the sun's 
rays refracted through a prism in magnetizing steel needles. 
Thus magnetism is alike produced by sun-light, and by galva- 
nic influence. Therefore, it would not appear unreasonable to 
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doubt whether some analogy does not exist between the sun 
and that force which so strongly affects the magnetic needle. 

I need scarcely mention how extended is the range of gal- 
vanic action in almost every part of chemical investigation. 
There is hardly one phenomenon known in chemistry which is 
not more or less connected with electro^magnetism. In every 
chemical action, the agency of that force is perceptible, which 
appears to prevade all nature, and whose influence seems to 
vivify the mutual action of existing bodies. Thus it would 
appear that the phenomena of galvanism, far from being dis- 
joined and unconnected with other classes of corpuscular action, 
may form the links of that chain by which the mutual action 
of bodies is joined together. 



Art. IV. — On the laws of the polarization of light by refrac- 
tion. By David Bkewster, LL. D. F. R. S. L. and E. * 

In the autumn of 1813 I announced to the Royal Society 
the discovery which I had then made of the polarization of 
light by refraction ; -(" and in the November following I com- 
municated an extensive series of experiments which established 
the general law of the phenomena. During the sixteen years 
which have since elapsed, the subject does not seem to have 
made any progress. From experiments indeed stated to have 
been performed at all angles of incidence with plates of glass, 
M. Arago announced that the quantity of light which the 
plate polarized by reflexion at any given angle was equal to 
the quantity polarized by transmission ; but this result, found- 
ed upon incorrect observation, led to false views, and thus 
contributed to stop the progress of this branch of optics. 

I had shown in 1813, from incontrovertible experiments, 
that the action of each refracting surface in polarizing light, 
produced a physical change on the refracted pencil, and brought 
it into a state approaching more and more to that of complete 
polarization. But this result, which will be presently demon- 
strated, was opposed as hypothetical by Dr Young and the 

• From the Phil. Trans, 1830. Read Feb. 25, 1830. 
t In this discovery I was anticipated by Maliis. 
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French philosophers; and Mr Herschel has more recently 
given it as his decision, that of the two contending opinions, 
that which was first asserted by Malus, and subsequently 
maintained by Biot, Arago, and Fresnel, is the most probable, 
— namely, that the unpolarized part of the pencil, in place 
of having sufiPered any physical change, retains the condition 
of common light. 

I shall now proceed to apply to this subject the same princi- 
ples which I have already applied to the polarization of light 
by reflection, and to establish on the basis of actual experiment 
the true laws of the phenomena. 

The first step in this inquiry is to ascertain the law accord- 
ing to which the polarizing force of the refracting surface 
changes the position of the planes of polarized light,— -a sub- 
ject which, in as far as I know, has not occupied the attention 
of any other person. 

If we take a plate of glass deviating so slightly from paral- 
lelism as to throw off from the principal image the images 
formed by reflexion from its inner surfaces, we shall be able to 
see, even at great obliquities, the transmitted light free from 
all admixture of reflected light. Let this plate be placed upon 
a divided circle, so that we can observe through it two luminous 
discs of polarized light A B, Plate II. Fig. 1, formed by double 
refraction, and having their planes of polarization inclined 4- 45^ 
and — 46° to the plane of refraction. At an angle of incidence 
of 0°, when the light passes perpendicularly, the inclination of 
the planes of polarization will suffer no change ; but at an 
incidence of 30° they will be turned round 40' ; so that their 
inclination to M N or the angle aec will be 45*^ 40^. At 46° 
their inclination will be 46® 47'. At 60** it will be 60® 7' ; 
and it will increase gradually to 90°, where it becomes 66® 19^ 
Hence the maximum change produced by a single plate of 
gUss upon the planes of polarization is 66° 19' — 45® = 21® 
19', an eflFect exactly equal to what is produced by reflexion 
at angles of 39° or 70®. It is remarkable, however, that this 
change is made in the opposite direction, the planes of polari- 
zation now approaching to coincidence in a plane at right 
angles to that of reflexion. This diflerence is exactly what 
might have been expected from the opposite character of the 
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resulting polarization, the pedes of the particles of light which 
were formerly repelled by the force of reflexion, being now 
attracted by the refracting force. 

In this experiment the action of the two surfaces is develop- 
ed in succession, so that we cannot deduce from the maximum 
rotation of 21** 19', the real action of the first, or of a single 
surface, which must be obviously more than half of the action 
of the two surfaces, because the planes of polarization have 
been widened before they undergo the action of the second 
surface. 

In order to obtain the rotation due to a single surface, I 
took a prism of glass ABC (Fig. 2,) having such an angle 
BAG, that a ray R R, incident as obliquely as possible, riiould 
emerge in a direction R r perpendicular to the surface A C. 
1 took care that this prism was well annealed, and I caused 
the refraction to be performed as near as possible to the vertex 
A, where the glass was thinnest, and consequently most free 
from the mfluence of any polarizing structure. In this way 
I obtained the following measures. 

Glass. 



Angles of 


InclinatioD of Planes ab, cd, (Fig. 1.) 


Rnffltinn 


Incidence. 


to the Plane of Reflexion. 


IWUlVlUil * 


8T3» 


64° 16' 


9° 16' 


5* 50 


47 26 


2 26 


88 20 


46 22 


22 



I next made the following experiments with two kinds of 
glass,— the one a piece of parallel plate glass^ and the other a 
piece of very thin crown. The latter had the advantage of 
sieparating the reflected from the transmitted liglit. 

Plate Glass. Ceown Glass. 

Incidence. Inclination. Rotation. Inclination. Rotation. 

0° 46° (y 0° (y 46'' (K 0° (y 

40 47 28 2 28 47 18 8 18 

55 49 36 4 36 49 19 4 19 

67 62 63 7 63 62 16 7 16 

80 68 63 13 63 68 42 13 42 

86i 61 16 16 16 61 16 
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I was jQow desirous of ascertaining the influence of refractive 
power, although I had already determined in 1813, that a 
greater quantity of light was polarised, at the same angle of 
incidence, by plates of. a high than by plates of a low refrac- 
tive power. I experienced great difficulty in this part of the 
inquiry, frcHn the necessity of having plates without any crys- 
talline structure. I tried gold leaf in a variety of ways ; but 
I found it almost impossible to obtain correct results, on ac- 
count of the light which was transmitted unchanged through 
its pores. 

By stretching a film of soapy water across a rectangular 
frame of copper wire I obtained the following measure. 

Water. 

Incidence. Inclination. Rotation. 

85° 64° IT 9° IT 

I next tried a thin plate of metalline glass of a very high 
refractive power. 

Metalline Glass. 



ddence. 


Inclination. 


Rotation. 


0* 


46° 0- 


0° a 


20 


45 42 


42 


30 


46 50 


1 50 


40 


48 


3 


55 


51 12 


6 12 


80 


62 m 


17 82 



From a comparison of these results it is manifest that the 
rotation increases with the refractive power. 

In examining the effects produced at difierent angles of in- 
cidence, it becomes obvious that the rotation varies with the 
deviation of the refracted ray ; that is, with % — i' the differ- 
ence of the angles of incidence and refraction. Hence from a 
consideration of the circumstances of the phenomena I have 
been led to express the inclination <p of the planes of polariza- 
tion to the plane of refraction by the formula, 

Cot f = cos (t — i'), 
the rotation being = 9 — 45"". 
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This formula obviously gives a minimum at 0% and a maxi- 
mum at 90° ; and at intermediate points it represents the ex- 
periments so accurately, that when the rhomb of calcareous 
spar is set to the calculated angle of inclination, the extraor- 
dinary image is completely invisible — a striking test of the 
correctness of the principle on which it is founded. 

The above expression is of course suited only to the case 
where the inclination a? of the planes of polarization ab^ cdy 
(Fig. 1,) is 46^ ; but when this not the case, the general ex- 
pression is ^ 

Cot <p zz cot x cos (t — i\) 

When the light passes through a second surface, as in a 
single plate of glass, the value of <r for the second surface is 
evidently the value of (p after the 1st refraction, or in general, 
calling the inclination after any number n of refractions, and 
(p the inclination after one refraction. 

Cot & r= (cot 9)" 
When & is given by observation we have 

«/ ' 

Cot p rrV" COtd. 

The general formula for any inclination w and any number 
n of refractions is 

Cot &ZJZ J cot or cos (i -^ «') | ^ a"d 

"/ ' ~ 

Cot 9 = V cot X cos (l l'.) 

And when ar = 45 and cot ^ =r 1 as in common light. 

Cot = ^cos (i — t') V. 

Cot ^ =v cos (t — i'.) 

As the term f cos (i — i') I can never become equal to 0, 

the planes of polarization can never be brought into a state of 
coincidence in a plane perpendicular to that of reflexion, either 
at the polarizing angle, or at any other angle. 

In order to compare the formula with experiment, I took a 
plate of well annealed glass, which at all incidences separates 
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the reflected from the transmitted rays, and in which m was 
nearly I.SIO, and I obtained the following results. 



Angles of 


Angles of 
Retraction. 


Rotation 


Inclination Inclination 


T\'ce • * 


Incidence. 


observed. 


observed. 


calculated. 


infferenctf. 


0» 


0» 0- 


0° 0' 


45° 0- 


45° 0' 




10 


6 36i 


13 


45 13 


45 6 


+ 0° 7 


20 


13 6 


27 


45 27 


45 25 


+ 02 


25 


1615 


32 


45 32 


45 40 


— 08 


30 


19 20 


040 


45 40 


46 '0 


— 20 


86 


2219 


112 


4612 


46 26 


— 13 


40 


25 10 


1 30 


46 30 


46 66 


— 26 


45 


27 65 


1 42 


46 47 


47 34 


+ 47 


50 


30 29 


246 


47 42 


48 24 


— 42 


55 


33 62 


3 64 


48 54 


48 59 


— 5 


60 


35 


5 7 


50 7 


60 36 


— 29 


65 


36 58 


648 


5148 


, 52 7 


— 19 


70 


38 29 


8 7 


53 7 


53 69 


— 52 


75 


39 45 


955 


54 55 


5618 


— 1 23 


80 


40 42 


12 10 


5710 


69 6 


— 1 56 


85 


4117 


15 45 


60 45 


62 24 


— 1 39 


86 


4121 


16 39 


6139 


68 9 


— 1 30 


90 


4128 






6619 





The last column but one of the Table was calculated by 
the formula, ' 



Cot 



d=L ^cos (i— t')y 



n being in this case % The conformity of the observed with 
the calculated results is sufficiently great, the average differ- 
ence being only 41'. The errors, however, being almost all 
negative, I suspected that there was an error of adjustment in 
the apparatus; and upon repeating the experiment at 80**, 
the point of maximum error, I found that the inclination was 
fully 68* 4(y, giving a difference only of 26' in place of 1** 55\ 
I did not think it necessary to repeat all the observations ; 
but I found, by placing the analyzing rhomb at the calculated 
inclinations, that the extraordinary image invariably disap. 
peared, the best of all proofs of the correctness of the for- 
mula. 
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In these experiments or = 45° and cot ^ = 1 ; but in or- 
der to try the formula when w varied from 0^ to 90% I took 
the ease where the angle of incidence was 80° and 9 = 58° 40^ 
when w = 45°. The following were the results. 

,r 1 _ /. Inclination Inclination ^./^ 

Values of X. ^^^^^ calculated. DiAference. 

0° 0° (y CO' 0° (y 

8j 7 10 7 20 —0 10 

5 9! 40 8 19 + 1 21 

10 17 10 16 26 +0 46 

16 24 42 24 6 -f 36 

20 32 30 31 19 +1 11 

«6 89 15 37 64 +1 gl 

30 44 10 43 67 -(> 13 

86 , 49 38 49 28 +0 10 

40 54 36 64 31 +06 

46 68 40 69 6 —0 86 

50 63 10 63 19 —0 9 

5S 66 58 67 16 —0 17 

60 70 18 70 66 —0 88 

66 74 8 74 24 —0 16 

70 76 66 77 42 —0 46 

76 79 20 80 63 ~ 1 33 

80 83 23 83 68 —0 35 

86. 86 23 86 + 23 

90 90 90 

The last column but one was calculated by the formula 
cot tf s cot a. (cot 68° 40')^ The differences on an average 
amount only to 8&. 

In determining the quantity of polarized light in the re- 
fracted pencil, we must follow the method already explained 
for the reflected ray, mutatis mutandis. The principal sec- 
tion of the analyzing rhomb being now supposed to be placed 
in a plane perpendicular to the plane of reflexion, the quanti- 
ty of light Of polarized in that plane, will be 

Q* = 1 — 2 cos *f. 
the quantity of transmitted light being unity. But 
Cot 9 = cot X cos (t — (',) 
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and as cot p = -^^ and sin^ ^ + cos^ = 1, we have the quo- 
tient and the sum of sin* p and cos* (p to find them. Hence 

1 + (cot X COS (i — i')V 

and by substituting this for cos' 9 in the former equation, it 
becomes 

^cot X cos ii — i')V 

1 + (cot jr cos (« — i'))^ 

Now since by FresnePs formula the quantity of reflected 
light is 

R- 1 /s'n* ji — i') tan«(» — \ 
"" ^ Vsin* (« + i') "^ tan* (e + i')/ 
the quantity of transmitted light T wiU be 

T = 1 _ I / sin* (« — iQ tan* (t — t'QX 
^ Vsin* (i + i') "^ tan*'(« + %')) 
Hence 

^ ' V«n« (i + i'j^tan* (f+T)/ J 

/. ^ (cos (, - i'))» v 

V 1 + (cos (i _ i'))V 

This formula is applicable to common light in which cot x 
= 1 disappears from the equation ; but on the same principles 
which we have explained in a preceding paper, it becomes for 
partially polarized rays and for polarized light, 

O' - /'i _ 1 /*'"* (»' — »■') „ , .tan* (t — i') X \ 

/i o - (cot X cos (»• — ,') V 
^ 1 + (cot ar cos (t _ t')) V 

In all these cases the formula expresses the quantity of light 
really or apparently polarized in the plane of refraction. 

As the planes of polarization of a pencil polarized + 45' 
and - 46» cannot be brought into a state of coincidence by 
refraction, the quantity of light polarized by refraction can 
never be mathematically equal to the whole of the transmitted 
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pencil, however numerous be the refractions which it under- 
goes ; or, what is the same thing, refraction cannot produce 
rays truly, polarized, that is, with their planes of polarization 
parallel. 

The preceding analysis of the changes produced on common 
light, considered as represented by two oppositely polarized 
pencils, furnishes us with the same conclusions respecting the 
partial polarization of light by refraction, which we deduced 
in a preceding paper respecting the partial polarization of light 
by reflexion. Each refracting surface produces a change in 
the position of the planes of polarization, and consequently a 
physical change upon the transmitted pencil by which it has 
approached to the state of complete polarization. 

This position I shall illustrate by applying the formula to 
the experiments which I have published in the Philosophical 
Transactions for 1814. 

According to the first of these experiments, the light of a 
wax candle at the distance of ten or twelve feet is wholly po- 
larized by eight plates, or sixteen surfaces of parallel plate 
glass at an angle of 78° 52'. Now I have ascertained that a 
pencil of light of this intensity, will disappear from the extra- 
ordinary image, or appear to be completely polarized, provid- 
ed its planes of polarization do not form an angle of less than 
SSf with the plane of refraction for a moderate number of 
plates, or 88 J** for a considerable number of plates, the differ- 
ence arising from the great diminution of the light in passing 
through the substance of the glass. In the present case the 
formula gives 

Cot ^ = /"cos {% — %') \ and tf = 88"^ 50 ; ^ 

so that the light should appear to be completely polarized, as 
it was found to be. 

At an angle of 61° 0' the pencil was polarized by 24 plates 
or 48 surfaces. Here 

Cot^ = ^co8 (t — t") \ = 89° SQ\ 

At an angle of 48'* 84^ th^ light was polarised by 47 plates 
or 94 surfaces. Here 
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Cot ^ = ^cos (i — i')y and 6 = 88° 27'. 

It is needless to carry this comparison any further ; but it 
may be interesting to ascertain by the formula the smallest 
number of refractions which will produce complete polariza- 
tion. In this case the angle of incidence must be nearly 90*^. 

Hence ^=56^29' and ^cos (i — i')ygives 88° 36', and 

^cos (i — i)\ 89^ 4' ; that is, the polarization will be near- 
ly complete by the most oblique transmission through 4J 
plates or 9 surfaces, and will be almost perfectly complete 
through 5 plates or 10 surfaces. 

Having thus obtained formulae for the quantity of light 
polarized by refraction and reflexion, it becomes a point of 
great importance to compare the results which they furnish. 
Calling R the reflected light, these formulae become 

(COS (i + i') \ * 
cos (»■ — Y)) \ 

\ cos [i — i')) 

Q'=i-R A-2 (ffili=Jl.)!_,Y 

V 1 +(cos(t~i')) / 

But these two quantities are exactly equal, and hence we 
obtain the important general law, that, — At the first surface of 
all bodies, and at all angles of incidence, the quantity of light 
polarized by refraction is equal to the quantity polarized by 
reflection. I have said " of all bodies," because the law is 
equally applicable to the surfaces of crystallized and metallic 
bodies, though the action of their first surface is masked or 
modified by other causes. 

It is obvious from the formula that there must be some 
angle of incidence where R = 1 — R, that is, where the re- 
flected is equal to the transmitted light. When this takes 
place, we have sin* <f> = cos* ^, that is. 

The reflected is equal to the transmitted light, when the 
inclination of the planes of polarization of the reflected pencil 
to the plane of reflection, is the complement of the inclination 
of the planes of polarization of the refracted pencil to the same 
plane; — or if we refer the inclination of the planes to the two 
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rectangular planes into which the planes of polarization a re 
brought, — The reflected will be equal to the transmitted light 
when the inclination of the planes of polarization of the re- 
flected pencil to the plane of reflection, is equal to the inch* 
nation of the plane of polarization of the refracted pencil to a 
plane perpendicular to the plane of reflection. 

In order to show the connection between the phenomena of 
the reflected and those of the transmitted light, I have given 
the following table, which shows the inclination of the planes 
of polarization of the reflected and the refracted pencil, and 
the quantities of light reflected, transmitted, and polarized, at 
all angles of incidence upon glass, m being equal to 1.626, 
and the incident light = 1000. 



Inclination Indination ^ 

A » t AnffleA of of Plane of of Plane of Quantity li"1": Z Quantity 

\l^ ^^ r^^rc -^-'Ti- -•=-"''-«'•'-•--• 

inciacnce, ^.^^ ^^j^ ^f j^g ^^^^ ^f tj,g 

*' j/, * Reflected Refracted 

Light, Light, 



Reflected, ^ Polarized, 



R. 



1 



R. 



Q. 





s 

10 
20 
25 
30 
35 
40 
45 
50 



56 45 
60 



65 

70 

75 
78 
78 
79 



84 
85 



80 40 
82 4 



85 50i 

86 

87 

88 

89 

90 





1 18f 
6 32 

12 58 
16 5 
19 Si 
22 6 

24 56 

27 37J 
SO 9 

33 15 

34 36 
36 28 

38 2 

39 18 
39 54 

39 65 

40 4 
40 13 
40 35 
40 42 
40 47 
40 50} 
40 51 
40 54 
40 57^ 
40 58 
40 58 



45 

44 57 

43 51 

40 13 

37 21 
33 40 

29 8 
23 41 

17 22i 
10 18 



5 4i 

12 45 

18 32 
26 52 

30 44 

30 53 

31 59 
33 13 
36 22 

38 2 

39 12 

40 12 

40 22/5 

41 32 
41 23 
43 51 





45 
45 
45 

45 





0.7 
3 
13 



45 



45 21 

45 31 

45 44 

46 
46 20 

46 45 

47 29 

47 54i 

48 42 

49 28 

50 55 

51 48 

51 50 

52 7 

52 27* 

53 26| 

53 57 

54 22 
54 44 

54 48 

55 16 

55 43 

56 14 
56 29 



43.23 

43.26 

48.39 

43.41 

43.64 

44.78 

46.33 

49.10 

53.66 

61.36 

79.5 

93.31 

124;86 

162.67 

257.56 

329.95 

333.20 

359.27 

391.7 

499.44 

560.32 

61628 

666.44 

676.26 

744.11 

819.9 

904.81 

1000. 



956.77 
956.74 
956.61 
956.59 
956.36 
955.22 
953.67 
950.90 
946.33 
938.64 
920.5 
906.69 
875.14 
837.33 
742.44 
670.05 
666.80 
640.73 
608.3 
500.56 
439.68 
383.72 
333.56 
323.74 
255.89 
180.1 
95.19 
0. 



0. 

0.07 

1.73 

7.22 

11.6 

17.24 

24.4 

32.2 

44.0 

57.4 

79.5 

91.6 

112.7 

129.8 

152.3 

157.6 

157.65 

157.6 

156.7 

145.4 

134.93 

123.7 

111.11 

108.67 

89.8 

65.9 

36.3 

0. 
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It is obvious from a consideration of the (Hrinciple of the 
formula for reflected light, that the quantity of polarized light 
is nothing at 0^ because the force which polarizes it is there a 
minimum. At the maximum polarizing angle, Q is only 79 
because the glass is incapable of reflecting more light at that 
angle, otherwise more would have been polarized. The value 
of Q then rises to its maximum at 78^ T, and descends to its 
minimum at 90^; but the polarizing force has not increased 
from 66® 46' to 78® 7^ as the value of <p' shows. It is only 
the quantity of reflected light that has increased, which occa^ 
sions a greater quantity of light to disappear from the extra- 
ordinary image of the analysing rhomb. 

The case, however, is different with the refracted light. 
The value of Q' has one minimum at 0^ and another at 90^, 
while its maximum is at 78'' 7 ; but the force has its minimum 
at 0® and its maximum at 90®, where its effect is a minimum 
only because there is no light to polarize. - At the incidence 
of 78® 7^ where the quantities Q, Q' reach their maxima, 
the reflected light is exactly one-half of the transmitted light ; 
sin^ (p* zz cos^ (p and tan 9' =: cos ^. 

At 86® 6<y 40'', where the transmitted light is one-half of 
the reflected light, the deviation (i — i') = 46% and the quan« 
tity of polarized light is one-thiid of the transmitted light, 
one-sixth of the reflected light, and one-ninth of the incident 
light. Sin^ <ff : cos' 9 = reflected light : transmitted light, and 
cot (jf z=i sin (i — i'). 

At 46® we have {i + V) + (i — i') = 90® and <p' = (« — V\ 

m /. VN cos (1 + t') ,^ ,. .,., (8in(t — i'))* 

Tan (* — tO = ) .- -.7 > and tan (i — %y =4 — ^^ 4^^ 

^ ^ cos(t-e'; ^ ^ (sin(i + 0)' 

At 66® 46', the polarizing angle, the formula for reflected 

light becomes R = J ^sin* (i — «')V ; but at this angle we 

have i^ = 90° — t* Hence we obtain the following simple 
expression in terms of the angle of incidence, for the quantity 
of light reflected by all bodies at the polarizing angle. 
R = |(cos 2i)<. 
I have already mentioned the experiment of M. Arago with 
plates of glass, in which he found that " at every possible in- 
clination'^ the quantity of light polarized by transmission was 
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equal to the quantity polarized by reflexion. This conclusion 
he extends to single surfaces ; but it is remarkable that the 
law is true of single surfaces in which he did not ascertain it 
to be true, while it is incorrect with regard to plates in which 
he believes that he has ascertained it to be true. As the con- 
sideration of this point does not strictly belong to the present 
branch of the inquiry, I shall reserve it for a separate com- 
munication, ** On the action of the second surfaces of transpa- 
rent plates upon Light." 

Allerlt, December 29, 1829. 



Aet. V. — On the iwtion of the second surfaces of transptu 
rent plates upon light. By Davih Bbbwster, LL. D. 
F. R. S. Lond. and Edin.» 

In a paper on the Polarization iQf Light by Reflexion, pub- 
lished in the Philosophical Transactions for 1815, I showed 
that the Law of the Tangents was rigorously true for the 
second surfaces of transparent bodies, provided that the sine 
of the angle of incidence was less than the reciprocal of the 
index of refraction. The action of the second surfaces of 
plates at angles of incidence difierent from the maximum 
polarizing angle, was studied by M. Arago, who conducted 
his experiments in the following manner. 

** With respect to this phenomenon,"' says M. Arago, " a 
remarkable result of experiment may here be noticed ; that is, 
that in every possible iriclifiation A r:^ A' "f. 

" Let us suppose that a plate of glass E D, Plate II. Fig. 3. is 
placed in the position that the figure represents before a medium 
AB of a uniform tint; for instance, a sheet of fine white paper. 
The eye placed at O, will receive simultaneously the ray I O 
reflected at I, and the ray BIO transmitted at the same point. 
Place at m n an opaque diaphragm blackened, and perforated 
by a small hole at S. Lastly, let the eye be furnished with 
a doubly refracting crystal C, which affords two images of the 
aperture. 

• From the Phil, Trans, 1830. Read February 25, 1830. 

t A is the light polarized by reflexion, and A tliat polarized by refraction. 
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*' If now, by means of a little black screen placed between 
B and I, we stop the ray B I which would have been trans- 
mitted, the crystal properly placed will give an ordinary image 
= A + I B, and an extraordinary image = | B. But if the 
screen were placed between A and I, and the ray A I were in- 
tercepted, we should still have two images of the hole, and their 
intensities would be ^ B' and A' + J B' respectively. Con- 
sequently, without any screen, if the whole of the reflected 
light A I O, and the transmitted B I O are allowed to arrive 
at the eye, we shall have for the ordinary image A + J B + J 
B', and for the extraordinary image ^ B + A' + 7 B'. 

^^ Now it appears from actually making the experiment, 
that the two images are perfectly equal, whatever may be the 
aiigle formed by the ray A I with the plate of glass, which can 
only be because A is always equal to A'. Consequently 

^^ The quantity of polarized light contained in the pencil 
transmitted by a transparent plate, is exactly equal to the 
quantity of light polarized at right angles, which is found in 
the pencil reflected by the same plate.'' 

We have no doubt that M. Arago obtained these results, 
particularly near the polarizing angle, at which limit they are 
rigorously true ; but at all other angles of incidence they are 
wholly incorrect. When we consider, indeed, the nature of 
the experiment, which has been lauded for its elegance and in- 
genuity, we shall see reason to pronounce its results as nothing 
more than coarse estimates, in which the apparent equality of 
the two images is the eflect either of imperfect observation or 
of some unrecognized compensation. 

If we make the experiment in the matiner shown in Fig. 4, 
with a colourless and well annealed prism of glass E F D, in 
place of a plate of glass ; and make the ray B I enter the sur- 
face F D perpendicularly at I, we get rid of all sources of 
error, and we obtain, what is really wanted, the result for a 
single surface. In this case the experiment is not disturbed 
by the Jight reflected from the inner surfaces of the prism, 
which is all thrown off from the pencil which enters the eye. 

In M. Arago's form of the experiment, part of the ray B I 
(Fig. S,) undergoes reflexions within the plate, and there comes 
along with it to the t^ye, at O, a portion of light polarized in 
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the plane of reflexion : in like manner the part of the pen- 
cil A I that enters the plate, undergoes partial reflexions, and 
the part reflected from the first surface carries along with it 
another portion of light polarized in the plane of reflexion, so 
that four portions of light polarized in the plane of reflexion 
reach the eye, while only two portions reach it polarized at ' 
right angles to the plane of reflexion, viz. those which are po- 
larized by the refraction of each of the surfaces of the plate. 
Now the part of the pencil A I which suffers a first reflexion 
from each of the surfaces of the plate, is, as we shall presently 
show, defective in polarized light compared with that which 
has experienced two refractions, so that it requires the above 
additional quantities to produce a compensation with the trans- 
mitted pencil B O. If this is not the true cause of the appa- 
rent compensation, that is, if M. x\ragp took means to exclude 
the reflected pencils which seem to have produced the compen- 
sation, we must then ascribe the equality of the two images to 
inaccuracy of observation. 

But even if we admit that M. Arago^s experimental result^ 
are correct with regard to plates, it necessarily follows that they 
cannot be true with regard to surfaces ; for it is obvious from 
the slightest consideration of the subject, that the phenomena 
of the one can never be interchangeable with those of the 
other. 

In order to demonstrate these views by an analysis of the 
changes which the intromitted light experiences from the (wo 
refractions and the intermediate reflexion of a transparent 
p^ate, I took a plate of glass of the shape M N (Fig. 5.) having 
an oblique face M d cut upon one of its ends. A ray of light 
R A, polarized + 45° and — 45°, was made to fall upon it at 
A, at an angle of incidence of nearly 83°, so that the inclination 
of the planes of polarization of the reflected ray A P was about 
36 J°. Now the ray A C after reflexion in the direction C S, with- 
out any refraction at B, where it emerges perpendicularly to M^/, 
would also have had the inclination of its planes of polarization 
equal to 36^° if there had been no intermediate refraction at A; 
but this refraction alone being capable of producing an inclinar 
tion of 52>^ or a rotation of 53° — 45° = 8°, and this rotation 
being in an opposite direction from that produced by the second 
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reflexion at C, the inclination of the planes of polarization for 
the ray C S is nearly 44J®, the reflexion at C having brought 
back the ray AC almost exactly into the state of natural light. 

Without changing either the light or the angle, I cemented 
a prism Med on the face M d, so that cd was parallel to dN, 
and I found that the second refraction at &, equal to that at A, 
changed the inclination of the planes of polarization to 63®; 
that is, the two refractive actions at A and b had overcome the 
action of reflexion at C, and the pencil b s actually contained 
light polarized perpendicular to the plane of reflexion. 

In order to put this result to another test, I took a plate 
M c N Q (Fig. 5.) of the same glass, which separatee! the pen- 
cil b s reflected at the second surface, from the parallel pencil 
AP reflected from the first surface, and I found that at an 
angle of 83°, the value of the inclination I, or f, for the ray 
was about 371°, while the value of I for the ray bs was nearly 
SS"^ an eflect almost equal to the refractive action of a plate at 
83® of incidence. 

When the pencil R A is incident on the first surface at the 
polarizing angle or 56® 46', the rotation produced by refraction 
at A is about 2% or the inclination I =. 45® + 2® = 47®; but 
the maximum action of the polarizing force at C is sufficient 
to make 1 = 0® whether x is 45® or 47°. Hence C B is com- 
pletely polarized in the plane of reflexion, and the refractive 
action at b is incapable of changing the plane of polarization 
when 1 = 0°: the reason is therefore obvious why the two ro- 
tations at A and 5, of 2® each, produce no effect at the maxi- 
mum polarizing angle. 

If we now call 

^= Inclination to the plane of reflexion produced by the 

1st refraction at A, 
^ = Inclination produced by the reflexion at C, 
f = Inclination produced by the 2d refraction at J, 

We shall have 

Cot (p = cos (i — i') ; or tan f = t- -t: 

„^ , /cos (t -f «') cos (« -f «') 

Tan f = tan :r I — r^~i = ?- -h-^4^. 
^ \ cos (« — t') (cos {t — i')Y 
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Cot r = cot w (cos (i — f')) = (^ «(' — y 

^ ^ ^ ^'^ cos ( -f 2 ) 

These formulse are suited to commoD light where a =: 45% 
but when a? varies they become 

Cot 9 = cot w (cos (i — f ') ) 

rr* f ^ /cos (i + i') \ 

^ \ \ cos (t + I') / 

Resuming the formula for commoA light, viz. cot ^" = 
^^ >^^^..v~' it is obvious that when (cos (i — t') Y = 

cos («+»') \ V / / 

COS (i + i')? cot ^" = l,*and 9" = 45® ; that is, the light is re- 
stored to common light. 

In glass where m = 1.525 this eflPect takes place at 78° T ; 
a little below 78** in diamond ; and a little above 80® in water. 

At an angle below this, <p becomes less than 45% and the 
pencil contains light polarized in the plane of reflexion ; while 
at all greater angles (p is above 45®, and the pencil contains 
light polarized perpendicular to the plane of reflexion. Hence 
we obtain the following curious law. 

" A pencil of light reflected from the second surfaces of 
transparent plates, and reaching the eye after two refractions 
and an intermediate reflexion, contains at all angles of inci- 
dence from 0® to the maximum polarizing angle, a portion of 
light polarized in the plane of reflexion. Above the polariz- 
ing angle the part of the pencil polarized in the plane of re- 
flexion diminishes till cos (i + i^) = (cos (i — i') )^, when it 
disappears, and the whole pencil has the character of common 
light. Above this last angle the pencil contains a quantity of 
light polarized perpendicularly to the plane of reflexion, which 
increases to a maximum and then diminishes to zero at 90.*" 

Let us now examine the state of the pencil C S that has 
sufiered only one refraction and one reflexion. Resuming the 

formula tan p^ = / ^ /» -L^ it is evident that when (cos 

^ (cos {i — t')y ^ 

(i — i') y = cos (i + «')> p' = *5% ^"<i consequently the light 
is restored to common light. This takes place in glass at an 
angle of 82"" 44'. At all angles beneath this, the pencil con- 
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tains light polarized in the plane of reflexion ; but at all angles 
above it, the pencil contains light polarized perpendicular to 
the plane of reflexion, the quantity increasing from 21^ 44' to 
its maximum, and returning to its minimum at 90*^. 

By comparing these deductions with the formula and table 
for reflected light given in my paper On the Laws of the 
Polarization of Light by Refraction, the following approximate 
law will be observed. When 

(Cos ( i i) = cos (i + %') All the incident light is reflected. 

/Cos (i %') Y = cos (i + %') Half the incident light is reflected. 

(Cos \i «') Y = cos [i A- i') A 3d of the incident light is reflected. 

(Cos (i — »') )w= cos [i + »') An «th part of the incident light 

nearly is reflected. 

This law deviates from the truth by a regular progression 
as n increases, and always gives the value of the reflected light 
in defect. Thus 



es of Incidence. 


Values of n. 


Uifiereno 


82" ^V 


2 





78 34 


3 


12 


75 38 


4 


21 


68 56 


8 


38 


66 4 


11 


43 


61 22 


20 


50 



Let us now apply the results of the preceding analysis to 
M . Arago^s experiment shown in Fig. 3. Suppose the an- 
gle of incidence to be 78° 7^ and let the light polarized by 
reflexion at A (Fig. 3.) be = w, and that polarized by one re- 
fraction also = 7/1. Then since the pencil bs is common light, 
the polarized light in the whole reflected pencil A P, bs is = 
w, whereas the light polarized by the two refractions is = 2 
w; so that M. Arago's experiment makes two quantities ap- 
pear equal when the one is double that of the other. If the 
angle exceeds 78° 7', the oppositely polarized light in the 
pencil bs will neutralize a portion of the polarized light in the 
pencil A P, and the ratio of the oppositely polarized rays 
which seem to be compensated in the experiment, may be that 
of 3m or even 4m to L 

Having thus determined the changes which light undergoes 
by reflexion from plates, it is easy to obtain formulae for com- 
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puting the exact quantities of polarized light at any angle of 

incidence, either in the pencil C B S or ha. 

The primitive ray R A being common light, A C will not 

be in that state, but will have its planes of polarization turned 

round a quantity w by the refraction at A ; so that cot a? = 

cos (i — f'.) Hence we must adopt for the measure of the 

light reflected at C, or the pencil CBS, the formula of Fresnel 

for polarized light whose plane of incidence forms an angle x 

with the plane of reflexion. The intensity of A C being known 

from the formula for common light, we shall call it unity, 

then the intensity I of the two pencils polarized — a? + a? to 

the plane of reflexion will be 

_ sin«(i — «') . . tan«(» — i') . 
I = . »/■ . vv cos* a? + ^ — ^- ;. . ,' sra« w and 
sin* (i 4- 1') tan* (« + «') 



/ cos(t+ \» 



In like manner if we call the intensity of CB = 1, we shall 
have 

(cos \% — vyy 

and the intensity I of the transmitted pencil hs 

-. , 8in*(i — i') . , ten*(« — »') . , 

1=1 ^-TT^-vvN cos* w + ^ ^;. . .,; sm* «» and 

sm* ^t + t') tan* (« + %') 



/(cos(»-0)^\* 



for h s. 



I shall now conclude this paper with the following Table 
computed from the formulae in pages 148, 149) and showing 
the state of the planes of polarization of the three rays A C, 
CS, and he. 



Dr Heineken's Meteorological Journal kept at Funchal, 237 



Angle of Re- 



Angle of Inci- 
dence on the 
First Surface. 


fraction at 
First Surface, 
and Angle of 
Incidence on 
Second Sur- 
iiioe. 


Inclination 

of Plane of 

Polarization 

of A C Fig. 

S. 


Inclination 
of Plane of 
Polarimtion 
ofCSFig. 
5. 


Inclination 
of Plane of 
Polarization 
of 5t Fig. 5. 
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O t 




o / 

46 


o / 

46 


o / 
46 


32 


20 33 


46 34 


32 20 


32 61 


40 U 


86 10 


46 68 


24 12 


24 56 


45 


27 66 


4617 


17 49 


18 38 


66 30 


S3 80 


47 22 








67 


87 34 


48 67 


18 20 


20 50 


70 , 


38 30 


49 33 


23 34 


27 6 


76 


39 46 


60 46 


32 22 


37 48 


78 87 


40 29 


61 49 


3810 


44 59 


79 


40 38 


6166 


38 49 


46 46 


80 


40 42 


62 16 


40 27 


47 46 


83 


41 6 


63 21 


44 39 


63 40 


86 30 


4123 


64 47 


60 68 


60 13 


90 


41 68 


66 29 


66 29 


6619 


Alleely, 


December Z\st, 1829. 







Art. VI. — Abstract of a Meteorological Journal kept at Fun^ 
chaly in the Island of Madeira^ from January \st to Decern^ 
her 31^^ 1829. By the late C. Heinexen, M. D. Commu- 
cated by Dr Renton. 

Sir, Funchal^ Madeira^ Wth March 1830. 

In compliance with one of the last requests of my lamented 
friend, Dr Heineken, I beg to forward to you the results of 
his meteorological observations in Funchal in 1829' 

The results of three years* observations will be, in Funchal, 
according to Dr Heineken^s tables, 

Pressure corrected, Max. 30.406, min. 29.267, mean 30.005. 

Temperature^ Max. 84, min. 45, mean 65.2. 

Dew Point, Max. 77, min. 46. 

Dryness, max. 23, min. — 



238 Dr Heineken^s Meteorological Journal kept at Funchal. 

kain in 1827 = 18.17 in. ; 1828 = 17.67 in. ; 1829 = 44.44 
inches. 

This winter has been the most severe recollected by any of 
the residents. During the night of the 4th ulto. the tempera- 
ture fell (shown by a minimum thermometer of Newman's 
hanging on an orange tree in my garden, sheltered by dense 
foliage above, and by a wall three feet from it in front,) to 
44^ ; and another instrument (same sort and maker,) placed 
on a board on the ground, its bulb covered with black wool, 
and exposed, fell on the same night, to 82®. The quantity 
of rain, too, has been unusally great, and the mountains have 
been covered with snow at a lower level (little more than 2000 
feet above the sea,) and for a much longer time than is generally 
observed. 

A short time ago I received Mr Adie's hygrometer, — d port- 
able and convenient instrument, and, I have no doubt, a gene- 
rally correct one. During our torrents of rain, however, I 
was rather surprized to find it show 8 and \0^ of dryness when 
Danieirs showed none. The part of the bulb on which the de- 
position of moisture ought to take place is in immediate con- 
tact with the silk on which the ether is dropped. May not the 
etherial vapour (displacing, by its superior elasticity, the com- 
mon atmosphere,) retard deposition on the clear part of the 
bulb ? If a small cup of good ether be placed immediately 
under the dark bulb of Daniell's hygrometer, it will be found, 
I rather think, on using the instrument in a perfectly still 
atmosphere, that deposition will not take place so readily as 
under ordinary circumstances. — I remain. Sir, your very obe- 
dient servant, 

A. H. Renton, M. D. 

Dr Brewster. 

1829. 
January. 



Well. 



Pressure 


(Inches.) Cor. for temp. 


Temperatare 


10 A. M. 




10 A. M. Max. Rang 
and p. M. & Min. 


Max. 


30.29 62 = 30.220 


Max. 70 19 


Min. 


29.68 60 = 29,501 


Min. 48 11 


Mean, 


30.00 63 = 29922 


Mean, 60.5 15 



65 
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Dew Pointy max. 65, min. 48 ; fiain, 5.87 in. ; Dryness, 
max. 16; min. 1. 

»Fi»&, N. 13;N.E.l; E.8; S.E. 2; W. 8; N.W.IO; 
= 81 days. 

Remarks.-^^More snow fell, and lower down the mountain 
than I ever remember, and the thermometer was 4^ lower than 
I had ever seen it. The quantity of rain was moderate, and 
the barometer by no means so low as one would have expected. 
It rose considerably during the rain. It was the severest wea- 
ther long recollected here ; but still it was what in England 
would be called^n^ April xveather. The sun shone every day. 
It was stormy, showery weather for England ; nothing more. 
One usual settled winter rain, although at a higher tempera- 
ture, is to me more trying and winterly ; that is, more like an 
English November while it lasts. 

N. B. The lowest min. and mean during three years ob- 
servation. 

Febrdaey. 

Pressure (Inches.) Cor. for temp. Temperature 

10 A. H. 10 A. M. Max. Range. Well. 

and p. M. & Min. 
Max. 80.36 69 = 30.264 68 74 17 65 

Min. 29.90 64 = 29817 59 53 9 65 
Mean, 30.127 65 = 29953 62.2 63.6 13 65 

Dew Point, max. 68 ; min. 50 ; Rain, 0.82 in. ; Dryness, min. 
20 ; max. 0.5. 

Mean, of 2 = 62.8. 

fTtncte, N. 2; N. E. 8; E. 5 ; W. 10; N.W. 3; = 28 
days. 

Remarks. — A fine clear open month. On the 26th p. m. was 
an imperfect sirocco, that is, it came from E. not S. £. The 
sky was cloudless, but not with the peculiar warm haze. It was 
not in violent puffs, raised the thermometer only moderately, 
and had not the peculiar parching character of a leste. About 
noon on 27th, a rim of pale compact clouds or rather mist ap- 
peared on the sea horizon. Here I take it condensation had 
taken place, and the true sirocco had ceased, ours being merely 
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the natural atmosphere he&ted by its contiguity. In the after- 
noon, clouds appeared on the hills, the portion which had 
reached us having then become condensed. On the S8th the 
wind went round to the W. by the S., and the barometer fell, 
the hills were in a thick mist, and a few drops of rain fell. 
F. M the wind got to the N. of W., the glass rose; and the sky 
cleared. 









March. 






Pressure (Inches.) 


Cor. 


for temp. 




Temperature 


10 A. M. 








10 A. 

and p. 


M. Max. 
M. & Min. 


Range, 


Max. 


80.09 


67 = 


= 29.992 


68 


71 


17 



Well. 

65.5 

Min. 29.57 64 = 29.478 57 53 6 66 
Mean. 29.907 65 = 29.820 62.6 63.3 11.6 65.3 

Dew Point, max. 66 ; min. 63 ; Rain, 6.74 in. ; Dryness^ 
max. 13; min. 1. 

Mean of 2 = 62.9. 

Winds, N. 1 ; S. W. 1 ; W. 13; N. W. 16 ; 31 days. 

Remarks.-^On the whole a cold wet month. Rain on a 
greater number of days, (16 in 24.) than I ever remember ;» 
but the quantity moderate, (6.74 in.) in proportion to the 
days ; and more showery and little heavy spring rains in a 
northern cUmate, than the almost tropical rains which we are 
accustomed to. From the 27th the wind continued high, with 
the mountains clear, but the horizon seaward, (S. and S. W.) 
cloudy ; and although the wind was westerly as far as the eye 
reached, yet from this circumstance, and the gradual rise of 
the barometer, there seemed to be more north in it in the up- 
per regions, and at a distance. 

April. 

Temperature 

WeU. 



65.6 



Presiare 


(Inches.) 


Cor. for temp. 


Temperature 


10 A. u. 






10 A. M. Max. Bange. 
and I. M. & Min. 


Max. 


30.25 


66 = 30.169 


66 69 13 


Min. 


29.86 


64 = 29.762 


59 54 5 


Mean, 


30.01 


66 = 29.9S5 


62.5 62 9 
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Dew Pointy max. 66 ; min. 52 ; Rainy 3.27 in. ( Dryness^ 
max. 10; min. 1. 

Mean of 2 = 62.2 

Winds, N. 8; N.E. 1; S.E. 1 ; S. W. 2; W. 8; N. W. 
10 = 80 days. 

Remarks. — ^A windy, cold, showery month ; more like a 
raw winterly March than April. There has been a longer 
prevalence of westerly winds this winter and spring than I 
ever remember. It has been, beyond comparison, the coldest 
and most trying winter I have experienced here ; and differ^ 
ent in character from what is usual. Grenerally the weather 
at this season is periodical^ so that you may always calculate 
upon it before-hand. This year it has defied all guessing even. 
The barometer has never been very low, but extremely vari- 
able. For the country the weather has, I should think, been 
favourable, (as mild dry winters and forward springs are pe* 
culiarly unfavourable,) and, if succeeded by a warm dry sum- 
mer, I should anticipate a very large and good vintage. 

May. 

Pressure. (Inches.) Cor. for temp. Temperature. 

10 A. M. 10 A. M. Max. Range. Well. 

and F. mI & Min. 

Max. 30.28 66 = 30.199 70 74 16 65.6 

Min. 29.86 65 = 29.762 59 55 ' 3 65.6 

Mean, 30.137 66 = 30.053 62.5 61.7 10 66.6 

Dew Pointy max. 67, min. 61 ; Rain, 0.74 in. ; Dryness, 
max. 13, min. 2. 

Mean of 2 = 62.1 

FFi/Mfc,N. 1; N.E. 23; S. E. 1 ; W. 2; N. W. 4 = 31 
days. 

Remarks. — A cold gloomy month for the season. 

June. 
Pressure. (Inches.) Cor. for temp. Temperature. 

10 A. M. 10 A. M. Max. Range. Well. 

and p. M. & Min. 

Max. 30.26 71 = 30.155 69 73 11 

Min. 30.05 69 = 29.962 63 60 66 

Mean, 30.169 71 = 30.073 66.1 66.4 .83 65.7 
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I^ffw^ -foffi^ nwij. 78, uaio. 66., £a^ 2.85 iiv ; Dfj/^ss^ 
max. 14, min. % 

Meano£a=z65^7 

Wfwij, N.8;N.B. 19; S. E. 1; S.W.I; W. 1^?*. W. 
6 = 30 days. 

BjBffiarka.—A^ hac\;^wExd dull moath. T^ie quantity oC rain 
oil, U^e ^^h apd ][2tJ;i was unuij^^l. 

July. 

Pire^ure, (loaches.) t)or. for teipp. Temperature. 

IO'aVm. • " ' ' 10 a.m. Max. Range. Well. 

and F. M. & Min* 

Max. 30.88 76 =r 8Q.17Si 74 7^ 12«6 66 

Min. 30.06 76=20*989 69 64 8»6 Q^ 

Mean, 80.104 76 = 29.998 71.1 69 1.0.6 66 

Dew Point f max. 74, mjn. 64 ; Rain^ in. ; Dryness, max. 
12, min. 2. 

Mean of 2 = 70 
Winds, N. E. 29 ; E. 2 = 31 days. 

Remarks — A fine summer month. 

> » 

AyGusT. ^ 

Pressure. (Inches.) Cor- for temp. Temperature. 

10 £j, Ji, 10 A. M. Ma^ RADg^. We;i. 

apd T. M, & I^in. 
Max. 3p.26 76 = 80.1,42 73 76 1^ 

Mi^. 30.06 76 = 29.949 68 64 6 

Mean^ 80.168 76 = 30.06? 70.6 70.8 10.6, 6^ 

Dew Point, max. 74, min. 63 ; Rain^ 96 in. ; Dfifii^i ^^W^. 
11, min. 1. 

M^anQf2=70.6 

Wmds, N. E. 31. 

Remarks,r^ll€am,tT part of tl^e mqnth, cold» clqiidy, apd 
unseasonable ; the heavy rains most unusual. 

September. 
Pressure. (Inches.) Cor. for temp. Temperature. 

10 a.m. 10 a. X. Max. Range. Well. 

and p. M. & 'Am. '^ 

Max. 30.80 76 = 30.189 78 76.6 l/i»& 

Min. 29.90 74 = 29^789 6T 62^ &.& 
Mean, 30.116 74= 30i040 70 69 li) 664i 
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Dto Pirifa, max. I5t ; mid: 59 ; Rainj 0.04 in.; AfpiesH; maxi 
17; min. 9L 

Mean of 2 = 69.5 

FFimfo, N. E. «5 ; N. *•; N; W. 1 =30 days. 

iZemarA:^.—-* Weather unusually cloudy at the beginning 6{ 
the month, but, on the whole, it has been a pleasant dn'e.^ 
The few drops of rain that fell in Funchal did not affect the 
rain-gage. A slight earthquake was felt on tHe evening of 
the- 16th, and another equally slight and partiid at 4 a. m. of 
the 18th. The summer has been the mildest, i. e. the coolest, 
I have experienced in the island. 

October. 

Pressure. (Inches.) Cor. for temp. Temperature. 

10 A. M. 10 A. M. Mix. Range. Well. 

and p. M. & Min. 

Max. 30.S4 73 = 30.129 70 73 15 

Min. 29.97 74=29.859 64 58 2 

Mean, 30.14 72=30.0^ 64 63.5^ 85 66.8 

Dew Point J male. 711 liiin; 54'; Ramj l.TS iii.'; Dryness^ max. 
18, min. 0. 

Mean of 2 = 63.7 

Winds, N. E. 26 ; N. 3; N. W. 1 ; S. W: 1 = 31 days. 

RemarJcs.'^A fine month. The rain at the end of it very 
acceptable. 

November. 
Pressure. (Inches.) Cor. for temp. Temperature. 

10 A. M. 10 A. M. Mail! Range! Well.^ 

and p. M. & Min. 

May. 30.19 70 = 30.09ie 70 73' 21 

Min* ^.4& 65 = ^.347 58 52 2 

Mean, 29^80 65 = 29.715 6^.2 63.9 11.5 

Dew Pointy max. 70, min. 55 ; Rcnn, 13.68 in. ; Dtyjieasf 
max. 10, min. 0. 

Mean of S = 64.5' 

Winds, S. W. «; W. 11 ; N. 3; N. £.'2^ S. E.:2; S. 1 ; 
N. W.Sb 80 days. 

Remarks.'-^A boisterous wintry month ; the ships in the 
roads dlfiven out to sea, and kept out for nearly a fortnight. 
Two wrecked on the coast. The rain however is considered 
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very seasonable by the country people. A great deal of thun- 
der and lightning during the latter half of the month. 

December. 

Pressure (Inches.) Cor. for temp. Temperature 

10 A. M, 10 A. M. Max. Range. Well. 

antl F. M. & Min. 

Max. 30.29 64 = 30.205 64 66 11 65 
Min. 29.58 62 = 29503 55 50 4 65 
Mean, 80.03 62 = 29.952 59-9 58.7 7.6 65 

Dew Pointy max. 64 ; mean. 52 ; Rain^ 8.76 in. ; Dryness, 
max. 10; min. 

Mean, 69.3. 

fFiwefo, N. 3; N.E. 15; W. 5; S.W. 3; S. 1; N.W.4; 
= 31 days. 

Remarks. — A cold changeable and disagreeable month. 
Thundjer and lightning of almost daily occurrence. 

Annual Results. (1829.) 

Pressure. Cor. for temp. 

Max. 30.264 76 
Min, 29.347 48 
Mean 29.962 64.5 

Dew Point, max. 74 ; min. 48 ; Rain^ 44.44 in. ; Dryness, 
max. 20; min. 

Winds, N. 41; N. E. 180; E. 9; S.E.7; W.53; N. W, 
62; S. W. 11 ; S. 2; .::: 165 days. 



Aet. VII.'^Account of a Fifth Case of Spectral lUusiaii. Con- 
tinued from Art. xix p. 819? of No. iv. New Series. 

I AM sorry to say that the spectral illusions which I have de- 
scribed to you do not appear to have yet terminated, as you 
will see by the continuance of my relation. 

I have been from home about a fortnight. During my ab« 
sence Mrs — informs me that she has frequently heard 
me moving near her. Nearly every night as she lay awake 
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she distinctly heard sounds like my breathing hard on the pil- 
low by her bed side, and other sounds such as I might make 
by turning in bed, &c. On one occasion, while riding with a 
neighbour, Mr ■ and another lady, she heard my voice 

frequently as if I were riding by her side, she heard also the 
sound of my horse^s feet, and was almost puzzled by hearing 
me address her at the same time with the persons really in 
company. My voice made remarks on the scenery, improve- 
ments, &c» such as I probably should have done had I been 
there. There was no visible apparition. 

Last night Mrs ■ was preparing for bed, having dis- 

missed her maid, and was sitting with her feet in hot water, 
and, as she tells me, thinking on, and even repeating to herself 
(having an excellent memory) a striking passage she had been 
reading in the last Edinburgh Review, when on raising her 
eyes she saw sitting in a large easy chair before her, the figure 
of a departed friend (my sister). She appeared dressed, as 
was usual with her, with great neatness, but in a gown of a 
peculiar kind, such as Mrs ' ' had never seen her wear, 
but exactly such as had been described by her by a common 
friend, as having been worn by my sister during her last visit 

to England. Mrs paid particular attention to the dress, 

air, and appearance of the figure, which sat in an easy attitude 
in the chair, holding a handkerchief in one hand. Mrs ■ 
tried to speak to it, but felt a diflSculty in doing so, and in about 
three minutes the figure disappeared. I came into the room 
about a minute afterwards, and found Mrs '■ slightly 

nervous, but fully aware of thedelusive nature of the apparition. 
She described it as having all the vivid colouring and apparent 
reality of life. Mrs — had passed a week without her 
usual tonic. She describes a peculiar feeling in the eyes as 
preceding for some hours these visions, which sensation appears 
to be relieved after the vision is over. 

March 18th, 1830. 
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'gin to the deposition of that rock. Looking to the period 
when the secondary rocks were the latest in existence, the pri- 
maeval ocean^ must have washed the Apennines near Capua, 
fourteen miles' directly landward from the present shore, and 
the curve of the bay extended from its present eastern point, 
which is composed of Apennine limestone, to a promontory 
to the westward, which could not have been nearer than the 
present Cape of Mondragfxie, where the limestone has assumed 
beautiful tints, and is quanied for ornamental purposes. The 
bay must then have had double its present aperture. The pmnt 
of Minerva, which is the eastern termination, was formerly in 
all probability contiguous to the island of Capri, which has been 
^vered by the abrading influence of the current now setting 
through the strait. 

This fine island, which has hitherto been barely mention- 
ed, is extremely difierent in appearance and character from 
the other islands of the vicinity. It is composed almost en- 
tirely of limestone, which, rising abruptly from the sea, 
forms an eminence extremely conspicuous from the town of 
Naples, and the whole island forms a break-water . in the 
mouth of the Bay, which gives it a far more compact form 
than it otherwise would have had, which induced its ancient 
name of Crateris Sinus, Those who have visited Capri, 
(which I was accidentally prevented from doings) describe it 
as a highly picturesque, and in some places a fertile, spot. The 
view must indeed be peculiarly grand, embracing a panoramic 
stretch of the entire bay. The principal mountain in the is- 
land, which, as I have observed, is composed of secondary 
limestone, rises very abruptly to a considerable height above 
the sea, and has a town at the bottom and another at the top, 
named Capri and Anacapri, the only communication between 
which is by means of steps hewn in the rock. About half 
viSiy up, exists a remarkable grotto, known under the name of 
" La Grotta del Arco,**' which presents some^ singular points 
of interest to the mineralogist ; and near the summit of the is- 
land are observed those perfect holes of lithophagous mollusca 
to which I have already alluded, as bearing in an important 
manner upon the view I took of the phenomena of the temple 
of Serapis. 
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The island of Capri presents an unbn^en mass of un- 
stratified Apennine limestone, without. any intermixture of 
rocks of volcanic origin, but the neighbouring shore of Sor^ 
rento, which lies between the site of Stabise and the pnxnontory 
of Minerva or La Campanella, displays some facts interesting 
in the history of the tufas in the Bay. The enchanting terri- 
tory jof Sorrento is a plain of some miles in extent, enclosed 
by a semicircle of hills on the land side, which are rugged and 
composed of inclined strata of limestone : these, are abruptly 
cut off by the sea at the two extcemities of the plain, which' is 
of a totally different nature, consisting entirely of a compact 
volcanic tufa, the remains, therefore, of the once extended 
plain which must have united with the Phlegraean fieldson 
the other side of the Bay, but which, being degraded by 
the action of the waves, this small portion, defended by a 
shield of hard limestone on either side from the effects of cur- 
rents, has remained alone on this side of the Bay to testify its 
former condition. This tufa, according to Breislak, is mme 
perfect than usual, and appears to abound with trachytic masses 
inclosing crystalline cavities. It seems quite unnecessary to 
suppose, with some authors, that this flat semicircular spot 
was the real bottom of a crater, through which this. for- 
mation, was protruded. It is impossible not to consider!- it 
connected with the vast deposit of tufa from whicJi it evidently 
appears by its situation to have been accidentally dissevered, 
and that the same, causes, whatever they may have been, by 
which the volcanic district of this coast, was formed, had once 
Uned with tufa the eastern .flank of the bay. upon the substrar- 
tum of the Apennine limestone. A^ ^ subsequent period, peiiiaps 
by no sudden phenomenon, but in the slow process of time, 
the sea itself, which appears to have been so important an agent 
in the formation of tufa, undermined this friable rock; and if 
the island of Capri was ever united to the neighbouring head- 
land, their disjunction forming a strait through which a power- 
ful current flows, would be the natural means of washing out 
the whole of the superincumbent formation, which can have 
been but feebly united to the underlying rock, excepting only 
this retiring bay, in which it will be seen from the map it was 
entirely sheltered from such abrasion by the Capo di Sorrento. 
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The detritus acquired in this sweep bemg thrdwn inwal:dft u^n 
the bay-, would defend it Aora fanher degnidacicHi, and ttdt 
improbably the remains of this alluml deposit might be found 
m die eKtenmve valley of tbe Sarno, just where the Uin«Btone 
racks cease to form the bounding ctiast 

The true nature of the Sorrentine tufa^ which Is ^l s6me 
consequence in the investigation of the more retent bctiott 6f 
the ocean upon these formatiMis, has, I suspect, betBn mistaken 
by Tenore in his E^mlx mr la Geographie Physique dA Riyg^ 
mume de NiKfies. This author divide tufas into primitive and 
secondary^--'^ distinction which he thinks may prevt^t sbm6 
confusion in the comparison of this rock in ditieretit sitUdtions^ 
the latter being the ^^ tufo rieomposto,"^ or reieOfflpc^si^ tufiA of 
Brocchi, the deposit of particles of original ol* primitive tufa^ car^ 
ried to a distance, and remoulded by the waters of the O^edti. Of 
this kind Tenore considers the formation in the valley of the 
Smuo, which corresponds remarkably with the idea t have 
above thrown out ; but the characters of the Sorrentine for- 
mation leave no doubt, on my mind at leasts that it ii9i an 
original tufa. Not merely its firmness, which hsuders it as fit 
for building as the compact tufa of the other side of the Bdy, 
but its compenetration by masses of trachyte, which Cannot be 
Well supposed subsequent to the formation of a friable iltid re- 
cent rook composed of the detritus of previous formations, 
strengthen this opinion. We are therefore^ I donceive, en- 
titled to conclude, that, subsequent to the great retirement of 
the waters of the ocean, they have efiVcted great ctiafigesi \h the 
configuration of the Bay, and the disp()sitioii of the voldattic 
products, forming a species of pseudo-^volcanie tufft, by the 
degradation of the original one. 

Before explaining the distribution and boundaries of these 
two very different and vefy important rocks,^ it Will be propet 
to return for a few moments to the probable origiti Of ti'iie vol- 
canic tufay-**» subject upon which we touched it* the third ntitii- 
ber of these Notices^ and to which We propeised to i^eVert. * 
But I beg it to be distinctly understood that the (>b^rtatidns 
I asH now to throw out^ oontdifimg a theory in soine i^^^ets 
new, I by no means pledge myself to ; tbalt I state them as 

• See this Journal, vol. x. p. 251-234. 
4 
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my ipryaaeart; idem on the adb^ct, JDUiifted certainly in obeer- 
vmtiona ^nade on Xhe spot, but entirely matured at 'home ; and 
if tbey shidl be jkbought suited to awaken the attention of geo- 
ilqgUts to some new painte a£ vievir of 4tbe subject, my aim will 
Jbe anaweredy iwhUe I eonmder myself free to modify or change 
my cgmnian as {greater teiqiieneace sand moDe 'mature reieotkm 
may wiggest. 

It was formerly romarked that the submaiiiie prigin^if tcrfas 
^ems to be one -of the most acknowledged hypotbcftioaI4educ- 
iions in volcanic geology; as Brocdai nai^^ely enough says, 
** k mas.t be fidmitied that here natune has pretty clearly ex^ 
pressed herself, when we find four philosophers at one on the 
aubject.^ * But though submarine, enoiogfa of doubt yet re- 
mains to divide the opinions of the learned. Was the tufa 
jejected from craters P-^was it fluid at flrst, or, &lling in dry 
liowdery matter, stratified and agglutinated by the water of 
the ocean P^— K>r was it not the mere eflect of abrafidon upon pre^ 
existent rocks by the sea, spread in a new form during the 
^rkxl of immersion of onr continents P-— or in the fashionable 
theory of the day, was it merely one of the numerous suppos- 
ed results of the universal deluge ? To all these ideas I might 
perhaps allow some weight, and call in several of them to ac« 
count for different daases of facts which have often been con* 
founded, f With Tenore and Brocchi, I would distinctly se- 
parate the recomposed from the primitive tufas, without, how- 
f&velr, attempting to fix the date of the former, which probably 
may have greatly varied in different situations, and, £ would 
even say, may be going on at this moment. Decidedly the 
mo^t general opinion seems to be, that ceitain volcanic cones 
being gradually raised above the sea, the dry materials ejecit- 
ed by them having formed strata under a considerable pressure 
of water, which likewise put in action the chemical affinity of the 

* *' Conviene pur dire che la natura assai chiaramente si esprima^ perche 
quattro filosofi sieno d'accordo." Suolo di Roma, p. 195. He alludes to 
Dolomieu^ Sahti^ Pilla^ and Breislak. He might have added his own name 
and those of many others. 

t •' It is not improbahle/' says Dr Dauheny, " that the discrepancy of 
opinion has arisen from an attempt to extend to all k^nds of tuff an expla- 
nation suggested by the phenomena of one particular class." — Folcanos, 
p. 411. 
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particles, which might be of a kind resembling Pozz'uolana, 
and capable of forming ^ hard rock, the structure of the tufa- 
ceous hills gradually rose, and, perhaps, upon coming in eon- 
tact with the surface of the ocean, received the superposition 
of those loosely aggregated masses of rapillo^ pumice and vol- 
canic ashes which appear in the upper beds of these mountains. 
It may, however, be remarked, that on such an hypothesis 
the interstratification of such desiccated materials with the 
indurated tufa (as seen on the Strada Nuova) would be no 
.easier explained than upon other hypotheses. Such generally 
is the theory of Dolomieu, * Breislak, -f- Brocchi, J Dau- 
beny § and others, all of whom, probably, took into con*. 
j»ideration the other possible modes of origin, and rejected them 
on what they thought demonstrative evidence. Yet, however 
apphcable their reasoning may appear to certain cases, and es- 
pecially to the superficial strata, wherever we have an oppor- 
tunity of more than common insight into the heart of tufaceous 
formations, the more we shall be disposed to regard it as but 
a partial interpretation. Had events occurred as there sup- 
posed, — had the sea united so intimately with the diffuse matter 
immersed in it as to induce a cementation of parts, I should 
infer it to be a necessary Consequence, that not merely the en- 
tire thickness of the rock should be divided into regularly 
formed strata, such as are generally found near the surface, 
and these of no great individual thickness, — but that the very 
structure of the rock should present a stratified conformation. 
As a, striking example,.! would ask, how a tufaceous mass 
such as Ischia, at present 2000 feet above the sea, could be 
thus produced, without the least appearance of stratification. 
Supposing it a point of ejection, and that the relative level of 
the sea was then as much higher than its present one, I would 
ask, if it can be imagined, within the bounds of probability, 
that the water of the ocean, if it blended so intimately with the 
ejected fragments as to agglutinate them, and form its present 
tufaceous structure, it should not have left decided marks of 

• Journal de Physique, torn. xxv. 
"t" Campanie, i. 106. 
X Suolo di Roma, 187, &c. . 
§ Lectures, p. 410. 
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sedimentary deposition pervading its composition, as well as 
external arrangement. I am, indeed, aware of the intermix- 
ture of tertiary concbiferous clay-beds, but these are local, and 
impart no character to the general amorphous mass of the 
island. 

The hypothesis which ascribes the origin of volcanic tufas 
to mud eruptions has ever appeared one of the most palpably 
obvious. But since facts, at first sight the most convincing, 
often yield beforie maturer inquiry, so in theoretical reasoning, 
it has sometimes been the practice to seek more far-fetched ex^ 
planations, where the obvious one, with some modification 
suggested by phenomena or experience, might have sufficed. 
One great stumbling-block has, by some of the ablest writers, 
been considered decisive against the hypothesis of mud erup- 
tions, namely the want of points of origin, and the great thick- 
ness of the beds at places very distant from such points. This 
has been made the iiisiantia cmcis by Brocchi and Daubeny 
in particular, and the distance of any existing crater adequate 
to the effect produced, at Rome on the one hand, and at An- 
dernach on the Rhine on the other, has prevented these ob- 
servers from considering such an explanation admissible. It 
is well known that Breislak had up6n his creative' scheme of 
craters no such objection to urge ; and while he candidly states* 
the coincidence of appearances with such a supposition, especi- 
ally in the Bay of Naples, he seems to have been hesitatingly 
withheld by the vague ideas then entertained, as to the exist- 
ence and extent of mud eruptions in any part of the world, 
which the researches of Humboldt have now so fully elucidated. 
Breislak fancied he saw in the seven hills of Rome the walls of 
imperfect craters,and by merely catching at the general exter- 
nal forms, the volcanic nature of the soil, and with the aid of 
that feryid imagination which generally accompanies too close- 
ly the observer in pursuit of illustrations of a favourite theory 
he ended by placing the Forum in the very focus of a vol- 
cano. The more correct apprehensions of modern geologists 
as to the structure requisite to mark out a crater, have dispel- 
led these phantasies, and, as has been eloquently said, *« the 
assertion as to the capitol of the eternal city, — ^ CapitoJi immo- 
bile Saxum,^-*-having been erected on the tottering edge of a 
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crater, however well-^auited it may be to point an antithesis 
or to illustrate the. vanity of human* pretensions^ rests on. too 
slender grounds to deserve a j^e in a scdentific. treatise.^* 
Biroochi, in. his work.onsthe Geology of Rome, having oonfiitedt 
^ the errors of Breislak, proceeds to develope with great elegance^ 
but at considerable lengthy his own tbemy, whichthe supports 
upon the following chain of reasoning. The submarine oii-* 
gin of the tufa seems indubitable iromlthe number of eompa^ 
ratively recent shelb whidi have been found in* differeat pai;t» 
of Italy and Sicily ; near Rome^ at Albano^ at Fitigliano in 
Tuscany, in Isdiia, at Pausilipo^.at Capo di Monte, andatr 
Itici, and the Val di Noto, in Sicily«-f- Buti^ as the hypothec 
sis: assumes^ the fragmentary products of conterminous voU 
caooes, formed,. by the mere action of the sea . this compact rook^ 
it. is next to be inquired whence this agglutinative power was 
d^ved ? Broccbi ascribes it naturally; to the properties which 
we observe in Bbzauolana, and which we have formerly seen: 
to have been so active an absorbent of water, by which larre* 
markabl^. play of affinities is induced. It is next inquired, 
whence, the erupted matter was derived? The attention is 
naturally, first directed to the. obviously vokanio mountains^ 
near . Albany as the source of the geological formation of the 
Campagna. di> Boma^ . these beingsof decidedly igneous origin^ 
aiid displaying marks of.no very remoto ^ictivity. Biit in)ther 
Alban hills, says Brocchi^ we find none of I the tufas of thr etu 
vircws of Borne; the Peperino^ of i that .vicinity, is «saentiallyv 
distinct from any. of the rock't which form that vastplaim We 
must, therefore^ look for their oiri^n in a northern direction, 
where we shall find sufficiently accordant appearanoes in i the 
mountains of Gimioi and the Sabaline lake. 

Thus we see the straits to which theorists have been put byi 
the. want of craters naturaUy. corresponding to the requiaition; 
of, a. preconoeived. hypothecs of itufaceous formation;-^while 
Brpcchiha^ tbus^at Boose been obliged to extend the source o£ 
thetu£M3eous.materials taadifltancest^f .some twenty«-five mileay 

• Daubeny. 

f Breidiik, in alluding to this fact^ asks^ may not these shells be derived 
fpoi» thle 'pire-existent stsata through which the voleanic matter had passedf 
BiiUJtha loiproTement'ofiiikiaialcMiohok^ytfaBs Bhowatkatth^seTetDaiaB 
are coeval with, or posterior to the date of the tertiary strata. 
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D^^J^^p^Ui got iiitQ^ similar difficulties in Sicily^ and Pj: 
Pai^b^y,. %>x^ tijie. study of th^ district of AoderQ^h on \h^, 
"S^y^^x v^a$ ob%ed< to relinquish thp tfaepry of inud exupMo{i3> 
wl^Mrt^ he ^^ preyipu^ly Wei^ disposed to consider adeqyuaie 
t9k ^^ e?(plai;i^ti|aQ: of vt^B;^ p)i/snomiena. If it shall not be 
cpp^^;^4 l^j^e to other aijid stronger objection^) th/9 ^V^ 
thpsis iphich I hrie% d0.velpped ia the t}iird number of thes^ 
IHp^icefiy ^4 wbigl^, ev^ry day^s sub^^qfi/^nt, consideration which 
I ba^ve giy^n ^> th^ s^jl^jeci has tended to CQnfi]:m, will appeac 
mpFr^iippprtapt ip,its,resi^lts thafi a)t first sight. might be obvious, 
Sljlgj^):..as,af;e ij|t§ v^^ria^ipns ^pm previpys theories, if admitte^d^ 
it.prppeeds gprea^ly farther towards, a i;a|;iQoa}. e^xplanation o^ 
factsi,^ a^ h§p the l^rther regommend^tipn' of being, tp. the. 
b^ of ipy beli^fy the re^ylt of simple induction firom observa^* 
tipn^ \yithput beijQg carved tp suit apy morj9 ex^tended chain pf 
i^oasoniifg,. or either tp poptradict or support the opinions of 
any pcqvipiis writer. In my former sketch, I did. not develops 
th^ origin: pf the strajified matter whiqh pverlies th^ lithoidoJ. 
l^fa of the vicinity, of, Naples, f^nd whiqh. I would call ** so? 
c^nd^^ry tufa^"^ reserving to the,Qi€;chAnipal]y. formed secondly 
ry tjL}fa pf,Tenprq the nameof recpmppsed tufa, except by: re- 
fempg. it^ d^positipn to a^ peripd ^pb^ripr to the elev/ition of 
th^.hil}s of pripaiMYie tufa. Thi$^ will, b^ supplied in the. fpl- 
Ipwing sk^fch. 

The hm8.of the( Phleg^sean. fields, jN*esent u^ with perh^ps^a, 
grc;^ter, varieiy of structure than some authors haye been.wiU 
lipg. tp admiti , We have elsewhere seen , th£|t , the great mass. 
0^ th^.hilljpf Sausijiipp, ^hiph» by sin.gular good fortune, we. 
arfi.enfibledmqre deeply, to exfim^n^ th^n in almpst any simi-. 
%( ipft^Q^ by th^.i^d of the^ p^or^^tiou through the heart of. 
it whi9h'QPPQftCts.th^ lateral v^Ul^»^-^l9< confessedly devoid. of. 
auyi deqi»iy^;mftr^ of stn^^fic^tion, * which in my, mind. is. 

* This, I believe, may safely be asserted of Pausilipp, though I think Mr 
Scrope somewhere speaks of the stratified structure of'thid original tufa*. 
Some mistakes have, I bilieve^beea fomnded^ontbe marks.lttftjon'tliiD vs^. 
p«r pvt»:.o£ tbtt 8Mk9of>the, grotto .o^.F^ijaiiJiiipOjby thje fri^tioQ olf|wheei4 
<Wf^f> bpfi^^. tb^ . roadway .was qu(t dpwp tp it§ pretest leveU, The ob- 
ser ration of Spallanzani, which I have mentioned in this Journal^ vol. x. 
p. 24^, if correct, r^fera merely to the approxiaiu^^Qn of vast beds of tufa«. 
presenting no individually stratified structure, but merely a series of sv^ 
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quite definitive against any idea of aggregation and commix- 
ture by an intimate union of divided matter with the water of 
the ocean. Again, we have true tufaceous craters consisting 
of superimposed layers, such as the fine example at Miseno, 
and towards the central ridges of the primitive tufa formation, 
distinguishing always trachytic craters as of later and inde- 
pendent formation. Respecting the condition of the crateri- 
form summits, either hypothesis stands nearly on a level ; but 
the grand difficulty is, when, as frequently happens, such 
craters are at a great distance, and even in the Bay of Naples 
I conceive their agency to have done little towards determin- 
ing the structure of the ridges of unstratified tufa. But re- 
suming the case of Pausilipo, whence, we may ask, upon the 
hypothesis of Brocchi, Daubeny, and others, could have 
arisen the saddle-shaped coating of pumiceous conglomerate 
which invests the upper part of this and similar hills ? It 
bears indubitable marks of aqueous stratification, yet its posi- 
tion is such that it could not possibly have been thus depo- 
sited where it at present appears. For the state of facts is 
this : The secondary tufa lies on the unstratified rock, conform 
mahly with the surface of that rock, which, being rounded^ it 
may safely be inferred that it could not have been the effect 
df subsidence from water; for, however such subsidence may 
take place, even in the inclined planes of basins,- 1 may safely 
affirm, that it could not have been so evenly distributed on a 
convex surface, as we have already shown it to be in describ- 
ing the sections on the Strada Nuova. The saddle-shape of 
this superposition likewise forbids the idea that the level of 
the country was once nearly that of the summit of the ridge, 
and that the lateral vallies have been the work of subsequent 
excavation. But a more convincing objection may likewise be 
made to this. Had the vallies been excavated subsequently- 
to the deposition of the secondary tufa, none of that formation 
could have been found in those vallies ; whereas it appears 
that the stratified pumiceous rock recommences at the base of 
the ridge on either side, so that the real section is such as is 
represented in Fig. 1, where the diagonal shading indicates 

j)erpositionsy such as we might aUcipate from successive eruptions from 
below, as described in the sequel. 
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the unstratified rock, the horizontal lines the stratified. Such 
an arrangement can only, I conceive, be satisfactorily explaiiv- 
ed by one mode of reasoning, namely, that the secondary strar- 
tified tufa (or pumiceous conglomerate, or rapUlOj which are 
synonymous,) was first deposited under the ocean from craters 
likewise subaqueous in this neighbourhood, of which traces 
may or may not remain. That these strata were not aggluti- 
nated we have no diiBculty in explaining, and have no neces- 
sity to recur to the idea generally maintained, that these dry 
powdery conglomerates were ejected after the hills had been 
raised so high as to emerge from the water. This indeed fails 
to account for their obviously aqueous stratification. The more 
obvious reason is, that in their very nature they are unsuscep- 
tible of agglutination, being almost wholly composed of fila- 
ments of pumice, and, if mixed ever so long with water, must 
still retain their harsh feel and incoherent structure. We 
hence derive another argument for the plausibility of our 
theory, for by all analogy such products are the first ejections 
of volcanic vents. 

When the pumiceous eruption had ceased, a liquid or mud 
eruption was, I conceive, the next phenomenon, which might 
either be caused by the admission of the sea water through 
the craters, or by any other natural agency into which we 
need not inquire, but is amply supported by analogy. The 
expansive force of the steam accompanying this igno-aqueous 
ejection, aided perhaps by the hydrostatic pressure of the 
fluid mass elevated towards the previous crater, caused, as I 
imagine, numerous rents radiating from such craters, and 
through these was slowly ejected a plastic but coherent and 
amorphous mass of tufa, which, receiving at the same time a 
sedimentary deposit of rapillo, either actually in suspension in 
the ocean, or partly derived from the pre-existent strata, was 
slowly elevated by successive additions from below to its pre- 
sent height, the directions of the hills indicating the lines of 
fissure, and at their union or crossing forming perhaps the 
only true tufaceous craters of the neighbourhood. I may 
add, that by such an explanation alone can I account for the 
double species of stratification wl^|h occurs on the summit of 
Pausilipo, where some distortion occurring in the regular stra- 

NBW SERIKS, VOL. III. NO. II. OCTOBER 1830. R 
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tification of the rapillo, and basins of various shapes being 
thus formed, these are internally filled by perfectly horizontal 
layers unconformable with the troughs in which they lie. Such 
must have been deposited after the elevation was complete, 
and before the final recession of the waters. Until I had 
brought my ideas on this subject into something of their pre- 
sent shape, I could find no satisfactory explanation of such 
appearances. Similar considerations may perhaps apply to 
such a structure occurring in non-volcanic countries, as in 
beds of coal. 

By such reasoning, we throw aside entirely the almost in- 
surmountable difliculties of supposing the origin of the divid- 
ed volcanic matter to be necessarily from existing, and there- 
fore often very distant, craters, such as at Rome and Ander- 
nach. To those who think it necessary to find the existing 
crater which may have produced every submarine cinereous 
ejection, I would propose the following question^ setting aside 
the idea of the crater being buried amidst its own subsequent 
tufaceous formations. The island 'of Sabrina off the Azores, 
was formed in 1811 by a submarine explosion of substances, 
which we may conceive quite similar to those of which rapillo 
is formed, and which likewise constitute the Monte Nuovo. 
This island rose 300 feet above the sea, and had a crater 500 
feet in diameter.* ^'ery speedily the whole was washed down 
by the sea, and can be conceived to have become nothing else 
than beds of secondary tufa. It was below the surface of the 
ocean in a few weeks ; and some years after, its site was cover- 
ed by eighty faJthxyms of water. Can any reasonable man ima- 
gine, that, if the land were elevated to sight, any external 
traces of a crater would appear ? 

I will only add one more argument in favour of the liquid 
ejection of unstratified tufa. Near Capo di JMonte, and in 
other localities near Naples, a very peculiar structure in the 
tufa is observable, which I have not myself seen, but which 
has been accurately described, -f- Certain veins of a decidedly 
dissimilar structure are observed cutting verHcaUy through the 

* See this Journal, N. S. voL ii. p. 84. 

+ Tenore, Essai, S^c, p. 40; Scrope on Foicanos, p. 168; and a paper 
by the same author in the Geol. Trans.' N. S. vol. ii. 

3 
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mass of tufa. These are considered by Mr Scrope as the mere 
result of the infiltration of finer particles in the adjoining rock 
into its fissures. But in my mind, phenomena so similar to dikes 
in trap rocks and veins in the Monte Somma, already discussed, 
must be consistently referred to a similar ori^n. To attribute 
them to infiltration is bordering upon an approach to the wak* 
ing dreams of the Wernerian School ; and though, from the 
confessedly semiaqueous origin of the rock, we might look 
upon it with some toleration in default of more plauable ex* 
planation, it appears to me, that it is so entirely what we might 
expect from a second eruption of tufa from below filling up the 
fissures of the first, as only to add a strong confirmation to 
that hypothesis. 

I have purposely avoided mixing up any account of Mr 
Scrope^s general theory in these remarks ; because, though we 
nearly agree on some points, we greatly differ on others, and 
on account of the difficulties I have found in arriving at his 
exact opinion on the subject of volcanic tufa, partly from what 
I consider the bad arrangement of his book, and partly from 
the ambiguity, and, as it appears to me, the occasional contnu 
dictions of his expressions on the subject. Indeed, it is only 
latterly that I have been at pains to examine his ideas on the 
subject, and not until my own were fully formed. Th^ follow-^ 
ing quotation from Mr Scrope^s paper on the Bay of Naples in 
the Geological Transactions^ would appear (though it is not 
without ambiguities,) nearly to coincide in my views. ^* The 
bard tufa of which the volcanic hills of the neighbourhood of 
Naples are almost exclusively formed, seems evidently to owe 
its coherence, like the trass of the Rhine, to a setting or aggrega- 
tive process which took place in a body of finely triturated 
trachyte intimately mixed with water, as that fluid drained off or 
was squeezed outbysuperincumbent pressure. In theformations 
Ufnder review this admixture with water appears to have been 
owing to the circumstance of volcanic rents having burst out 
under the level of the sea, though in so shallow a spot, that 
the accumulated ejections soon raised the cones to a certain 
height above the water level : in consequence of which, the ma- 
terials subsequently thrown up, falKng dry on the surface of 
the newly raised island, remained in a loose state. Every one of 
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the hills in question, is indeed covered to a greater or less depth 
by strata of loose tufaceous conglomerate, conformable,! and 
sometimes graduating into the hard tufa below/^ * In the 
first part of the extract we are disposed to understand the au- 
thor as speaking of mud eruptions, to which he expressly as- 
signs the origin of these rocks in another place.f Yet the lat- 
ter part is totally at variance with such a supposition ; and, 
by considering the diflFerent state of aggregation, as owing solely 
to the fragmentary ejections falling above or below water, he 
merges into the hypothesis of Dolomieu, Brocchi, &c. He 
is also tied down by the same difficulty which aflected these 
observers, — ^the want of neighbouring craters in many places; 
for the hypothesis of protrusion from below, explained above, 
interferes with the most remarkable peculiarity of Mr Scrope's 
geological creed, the rejection of the theory of the elevation of 
horizontal strata round volcanic foci, and of the erhebungs era- 
tere of Von Buch, — an hypothesis which it has been seen I con- 
sider essential to the explanation of observed facts. Without 
it I consider Mr Scrope^s idea of the origin of the incoherent 
rapillo as totally untenable ; for he imputes its existence to 
the fact of its being deposited above water, whilst the great 
consolidated body remained below. How comes it, then, that 
the rapillo is, as he admits, conformably stratified with the 
tufa ? that, instead of assuming those characters supposed to 
be owing to the height of the waters of the oceiin along a per- 
fectly horizontal line of demarcation, it not only dips on either 
side of the ridge of Pausilipo to a level much inferior to that 
which the solid tufa attains at the centre of the hill, but rises 
with it along its dorsal ridge, as it ascends to meet the lofty 
crateriform summit of the Gapialdoli. — My explanation of the 
fact, is far more universal, and sets out on a matter of observa- 
tion, which Mr Scrope seems to deny. Speaking of the loose 
tufa of the Pblegrsean fields, in contradistinction to the harder 
nucleus, he says, that it is '* identical in composition with the. 
other, and differing only from it in the,ii\cpherence of its 
parts.''J Yet he himself admits that the solid tufa is entirely 

• Geol Trans, N. S. ii. 351. 

+ Con$id. on Voidanos, p. 168. 

+ J hid. p. 176. . . 
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composed of " fragmentary trachyte," while I presume none 
will deny the characteristic ingredient of rapillo to be frag- 
mentary pumice. In this difference I see the explanation of 
the facts wholly independent of the manner of ejection. The 
felspathose trachyte disintegrating into clayey matter was 
easily rendered coherent in the very submarine position, which 
could have no similar effect on the siliceous particles of pu- 
mice. * 

Mr Scrope appears to me even less happy and more contra- 
dictory in his theory of the external arrangement of submarine 
volcanic formations,— a subject upon which I can here spend 
only a few words. — We have already seen, that, in the days of 
Breislak, any appearance of curvilinear continuity in the tuface- 
ous hills of this district was considered ample evidence of a 
crater. But a growing disposition in geologists to deduce 
causes from the observed internal structure of the globe soon 
pointed out that a crater must always be surrounded with strata, 
of which a vertical section would have indicated corresponding 
inclined lines on either side of the crater, which produced, 
would give the section of a perfect cone. For whether these walls 
of the crater were raised by successive eruptions, or by the 
elevation of pre-existent strata, they must necessarily assume 
the virtual form of frusta of cones. Cones formed in the first 
mode, must necessarily have circular bases from the dispersion 
of ejected materials being the same in all directions, the quan- 
tities of matter and distance from the centre of ejection assum- 
ing a proportion dictated by the laws of gravity. Should a se- 
ries of contiguous craters eject materials, or should these merge 
into a rent, a ridge will be formed with not a saddle-shaped, 
but a conical stratification, having an ovoidal base, and the strata 
mtist be discontiguous at top. By confounding this very iml 
portant distinction, Mr Scrope, while he has successfully ap- 
plied his theory to the natural sections of the Capo de Miseno, 

• I have to notice an oversight in the Sixth Number of these Notices^ 
where I spoke of the Rapillo of the Hill of Fausilipo as identical with 
Pozzuolana. Now Pozzuolana has characters such as to render its strati- 
jBcation by water almost impossible^ since its peculiarity consists in its che- 
mical action ^rith this fluid. It is therefore most likely^ as I there sug- 
gested, that the real Pozzuolana, such as that of , the Bay of Baja, was de- 
posited in dry beds, and never subjected to the direct action of water. 
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the island of Nisida, ficc-^which, so far from resembling the 
unstratiiied tufa of which the ranges of volcanic hills in the 
neighbourhood are formed, are confessedly and obviously stnu 
tified, — ^would lead the reader into a similar explanation for 
the great masses of volcanic products which connect these few 
and insulated craters.* Neither the crater of Miseno or Niri- 
da, (which are the two best defined of this class) could have 
exerted any material energy on the overpoweringly greater 
masses connected mxh them, and they are regular and simple 
volcanic cones ; a section of which, if taken through the axis 
of the cone, would be a triangle with a re-entrant curve substi- 
tuted for the apex, and, if the section be taken further from the 
axis, will be an hyperbola. Now it is from the latter configura- 
tion that Mr Scrope would have us to apply his reasoning to a 
semicylindrical ridge like that of Fausilipo, where any one who 
chooses to consult a map for its form must see that it is de^ 
monstroMvely impossible for such a hill to have been formed 
in the supposed manner, unless a series of craters had existed 
all along the top, which the very acknowledgment of the form 
of the stratification renders impossible. It would thus have 
had the form shown in Fig. 2, the embouchure above continu- 
ing along the top of the hill ; or, on the hypothesis of Breislak^ 
only half of this remaining, as in Fig. 8, which is conceived to 
be the section of one wall of a great crater. How far these are 
from the reality, may be seen by comparing them with Fig. 1 . 
But perhaps it will be said, that the ridge was deposited in 
the ejection of solid matter from the crateriform summits near 
the Camaldoli, which crowns the rising form of the hill : Yet 
here again we are beset by the insurmountable difficulty of the 
well-defined form of the ridge rising from the plain on either 
'side, wholly irreconcileable to the idea of being part of a real 
cone, and depending upon that fact for its form of stratifica- 
tion. But, again, will it be said that this is only a shp of the pri- 
mitive cone insulated by the action of torrents or other causes. 
Here the form of the investment of rapiUo, upon which Mr 
Scrope lays the whole force of discrimination of a volcanic 
mountain, completely interferes, not to mention the unnatural- 
ness of such a dorsal range being preserved, as well as that the 

* Geological Transacttons^ ut supra. 



No. Yllh^^Cottduding View of the Volcanic Formmiions. 269 

existence of pumioeous conglomerate in the adjcuning vallies, ex- 
eludes the idea of the actioa of torreots. I must, therefore, con-, 
sider as wholly untenable, the opinion that the eccentricity of 
the axis of volcanic accumulations produced by one vent, may 
be indefinitely increased ; and in the idea of a chain of craters, 
the external conformation must be shown to be consistent with 
such a supposition^ which I imagine would not be found either 
in Fausilipo or the contiguous and similar ridges. I am of 
opinion that Mr Scrope^s theories on this subject require re- 
consideration and condensation ; I have intentionally misrepre- 
sented none of his statements, but there is a degree of ambi- 
guity and want of connection about them, which renders them 
difficult to apprehend. 

As to the Geological epoch of the Tufas of a nature similar 
to those of the Bay of Naples, we must judge by their includ- 
ed organic remains. They are for the most part intimately 
connected with living species. Bivalves of the genus Venus 
have been found at Naples,^ and the Venus Islandica at 
Montalto,f Cardium edtde in Sicily. Near Naples have been 
enumerated specimens of the genera Osirea^ Cardium^ Bucd^ 
nvm and PcUeUa^ differing in nothing from those at present 
inhabiting the waters of the Bay.j: Near Rome bones and 
grinders of the fossil elephant are found in the tufas as well 
as in the alluvium.§ Wood is frequently imbedded in this 
^ock, not only at Naples but near Rome and in Iceland ; it is 
monocotyledonous, and Tenore has ventured to put upon 
some specimens he has seen the name of the Agave Americanaj 
which still flourishes in the soil. I need hardly mention a 
statement of Breislak^s, that he had heard of human bones 
being found in the tufa in the kingdom of Naples at a depth 
of 76 feet. As the event occurred at a considerable distance 
of time we must, I am afraid, be content to reckon these among 
the pseudo-human bones which before the commencement of 
this century bewildered geologists. For as an Italian geolo- 

^ Tenore. 
t Brocchi. 

t Scrope, GeoL Trans. N. S. ii. 350. 

§ Brocchi, Su^ di Jioma, 179. I have in my possession a p(»:tion of a 
tusk dug from the alluvial bed of the Anio when I was there in 18S7. 
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gist, forcibly says in similar circumstances, ^^ trista cosa e 
il dovere ragionare su relazioni di uomini inesperti.'*' A)I these 
facts, however, prove that the oldest tufaceous formation was 
posterior to the deposition of tertiary rocks ; in other quarters, 
however, coeval with them, as their interstratification proves- 

What I have called primitive tufa chiefly exists ,in the vi- 
cinity of Naples. The great plains which appear to have owed 
their origin to the volcanos of that hilly district, extend to a 
great distance, and are probably but fragments of more exten- 
sive deposits. The Ponza islands appear to be remnants of a 
stretch of similar formations, which may have one day united 
with those of Albano and Rome, and to the origin of which 
some intermediate vents, as those near Sessa, the ancient Sues- 
sa Auruncorum, and Velletri may have contributed. 

Succeeding the tufas in date may probably be reckoned the 
trachytic rocks ; of these we have some notable examples in 
Ischia, in the Phlegrsean fields, and at Qorrento. It has been 
well observed by Mr Scrope, that, as a volcanic vent, Ischia is 
contrasted with Vesuvius by its trachytic character, and in all 
probability it had much the earliest date, though we can infer 
nothing from historical records, since, notwithstanding the 
ample evidence we have of the violent commotions of the 
Ischian volcano at a period long preceding that of the first 
eruption of Vesuvius within the memory of man, the latter we 
know must have owed its existence to long anterior action, 
and actually exhibited external marks of its origin before thre 
eruption under Titus. This accounts for the very distinct 
aspects of these two volcanic vents embracing the region which 
we have attempted to describe. In the intermediate space 
several intimations of similar protrusions appear, which, as far 
as we can judge from external appearances, were probably 
ejected hke the trap rocks through the superincumbent mass 
of tufa. Of this description is the Piperno of the hill of the 
Camaldoli.* It might be worthy of inquiry whether this 
elevatory action of vast masses of trachyte was not the cause 
of the emersion of the tufaceous formations from their sub- 
marine condition. 

The trachytic series is altogether extremely varied and com- 

• See this Journal, x. 254- ; and see Note E. 
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plex in the Bay of Naples, and different varieties of it may 
probably belong to very different epochs. We have it purely 
felspathose, or including augite, or quartz, compact, porphy- 
ritic, vesicular, or conglomerated as in the Monte di Procida. 
Volcanic clinkstone, which occasionally occurs, may also pro- 
bably be included under the trachytic class ; such we have 
mentioned as occurring in the Monte Nuovo and in Ischia. 

There are many transitions from the real trachyte to mo- 
dern lavas, and these we naturally find in spots which indi- 
aate an intermediate period of activity, such as Astroni and 
the Solfatara, especially the latter. The Motite Olibano de- 
scending from tbe crater of the Solfatara to the sea, which has 
already been described, partakes remarkably of this interme- 
diate character. 

As they must necessarily depend greatly upon the funda- 
mental formations, the characters of modem lavas are differ- 
ent according to the spots from which they issue. The couUes 
of the island of Ischia are more refractory than those of Vesu- 
vius, and the characters of the latter are essentially the same 
as the ancient products of the same source of which the houses 
in Pompeii were built, before being overwhelmed by the first 
eruption ivhich history records. The original lavas, too, of 
•the Monte Somma demand attention, and by their remarkable 
configuration afford hints for the interpretation of other uatCi- 
ral appearances. Finally, the frequent eruptions of Ve8uviu«, 
if their number renders them often less imposing, that very 
moderation contributes to their value as scientific lessons. 
It opens an ample field to the natural philosopher, the geolo- 
gist and the ch^nist ; and if, as we may hope, the problem' of 
volcanic action be one day solved, in all likelihood Mount 
Vesuvius will be the most fertile source of information. The 
researches of Davy have opened the way in this career by a 
series of well conducted and really analytic experiments, and, 
. it may safely be affirmed, amidst the daily increasing perplex- 
ities which accompany the progress of geological inquiry, 
that the action of heat and its effects upon the mineral forma- 
tions is one of the most important objects of investigation, as 
well as most reducible to inductive research,— imjiTorton^, be- 
cause the extent of its influence is daily more acknowledged, — 
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and sure^ because we may compare ancient results with still 
existing causes of formation, which cannot be said of any 
jothers of the great rocky strata of our globe. 

It was once my intention to have enlarged these Notices 
with some details of other subjects connected with physical 
gec^aphy, particularly as to climate. But the strictly topo- 
graphical details which have, more than I proposed, filled these 
pages, would render any synopsis of other physical topics 
which could come within the limits I proposed to myself, but 
an imperfect and unconsolidated appendage. I shall there- 
fore content myself with inserting a few facts in a Note,* 
among those which I shall now subjoin in iUustration of the 
preceding series of papers. 



Notes on the pbecediho papbes osf the Bait of Naples. 

NOTE A. (No. I. Vesuvius.) Vol. ix. p. igS. On the 
size cf the crater before the emption of A. 1). 79. 

The size of a circle, of which the present ridge of the Monte 
Somma forms a part, would not have been so enormous as I 
once sujqiosed, though sufficiently large to leave my opinions 
on the hypothesis here referred to unchanged. From an ac- 
curate projection upon Breislak^s large map of Vesuvius, I 
find the radius of curvature of the ridge of the Somma to be 
1 j^9 Italian or geographical miles, and the arc subsisting 120.^ 
Still the area of the crater must then have been nine times 
greater than at present, yet it is now' perhaps the largest in 
existence. On the subject of the dikes in the abrupt face of 
Monte Somma, I may refer to the following works : Sir James 
Hall on the Strata near Granite, Edinburgh Transactions^ vol. 
viL Necker de Saussure, Mimoires de la Sooieti Naturdle de 
GenevCf tom. ii.f and Geological TraiisactionSi vol. iii. 

* See Note L. 

tit reflects no honour on the pains taken in the public libraries of Edin- 
burgh to preserve complete sets of Transactions which few individuals pos- 
sess, that this volume^ containing M. de Saussure's Views on Tufa^ 
which I had alsQ wished to see, is not to be found in the Libr<irie6 of tlie 
University, the Faculty of Advocates, or the Royal Society. 
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NOTE B. Vol. be. p, 906, and vol x. p. 136. On the 
volcanic sand ef Vesuvius. 

The chemical cotnpositioa of thig finely divided matter is 
extremely complex, and likewise very variable ; hence it has 
of late years occupied a good deal of attention. The assertion, 
that gold has been detected as a component part, I took from 
an Italian work, and mentioned in the first of the above cited 
passages, but having found an express contradiction of it in 
Humboldt^s Tableaux de la Nature, upon such authority as 
Monticelli and Covelli, and Rose, I took the earliest opportu- 
nity of correcting it in the succeeding number. Since that 
period, however, a more detailed account of the matter has 
been given by Lavini, an Italian chemist, in the Turin Trans^ 
actionSf * who has cited a sufficient number of analyses to 
show, that not only the materials of the volcanic dust of 
different eruptions greatly vary, but also of the same one. 
As his results are curious, and also throw light upon the oc- 
currence of native metals in this form, I shall here cite them. 



Erapdon of 1794. 


LMOtni* 


Eruption of 1822. Lffomi. 


Bituminous vapoui* of water, 2,16 


Water, 


1 


Sulphate of lime, 


2.00 


Muriatic acid. 


U.13 


Muriate of Soda, 


1.00 


Muriate of ammonia, - 


i 


Lime, 


2.00 


Sulphate of Lime, 


6.50 


Oxide of copper. 


10.00 


Muriate of Soda, 


1.50 


Alumina, 


3.15 


Lime, ... 


2.07 


Tritoxide of Iron, 


0.00 


Oxide of Iron, 


13.50 


Magnesia* 


2.00 


Alumina, 


15.00 


SUica, 


68.00 


Magnesia, - . - 


1.50 


Loss, 


0.70 


SiUca, 


53.50 






Carbon, - - - 


2.10 




100 


Loss . . - 


1.20 



100 



The following lists contain a view of the constituents found 
by different chemists in the volcanic sand'of 18S2, which pre- 
jient so much diversity as to render us scrupulous about re^ 
jecting the assertions of any one observer as to the traces 
of nmple substances which he may have detected. 



VauqueHn,-^!. Silica; IS. alumina; 3. oxide of iron; 4. mu- 

* Memorie delV Academia reale delta Seienze di Torino, torn, xxxiii. 
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riate of ammonia ; 5. sulphate of lime ; 6. sulphate of pota^- 
sa ; 7. copper ; 8. manganese ; 9. carbon ; 10 lime. 

LancdottL-^^ . Sulphate of lime ; 2. muriate of ammonia ; 

3. muriate of soda; 4. sulphate of soda ; 5. sulphate of alu- 
mina ; 6. vegeto-animal matter ; 7. a trace of ammoniacal 
salts ; 8. subcarbonate of peroxide of iron ; 9. alumina ; 10- 
silica. 

Pepe.^^l. Sulphate of potassa; 2. sulphate of soda ; S.sub- 
sulphate of alumina ; 4. subsulphate of lime ; 5. subsulphate 
of magnesia ; 6. muriate of potassa ; 7. muriate of soda ; 8. 
alumina; 9* lime; 10. silica; 11. magnesia; IS. tritoxide of 
iron; 13. antimony; 14. trace of gold; 16. trace of silver. 

Lavini, — 1. Sulphate of lime; 2. muriate of soda : 3. lime; 

4. oxide of iron ; 5. alumina ; 6. magnesia ; 7. silica ; 8. car- 
bon ; 9* water ; 10. muriatic acid ; 11. muriate of ammonia. 

NOTE C. Vol. ix. p. 212. Vesuvian Minerals. 

I am not going to attempt to improve this extremely imper- 
fect paper. But it may not be altogether without interest to 
enumerate the principal new minerals discovered by Monticelli 
and Covelli, and described by them in their Prodromo deUa 
Mineralogia Vesuviana^ which have not found their way, I 
believe, into any Scottish Journal at least.* 

Humboldtilite. Primitive form, a rectangular prism with a 
square base. Sp. gr. 3.104. Scratches glass. Colour, brown. 
Lustre vitreous. Translucent. 

Zurlite. A variety of the last. Sp. gr. 2.274. Scratched by 
the knife. Asparagus coloured. Lamellar. 

Davina or Davyne. A variety of nepheline. Primitive 
form, hexahedron. Colour, brown, white. Lamellar. Usu- 
ally occurs in prisms of various forms. Sp. gr. 2.25. See 
this Jaumaly No xiv. p. 326, and No. ii. N. S. p. S68. 

CdvoUnitey nearly resembles Davyne. 

Cristianite. Primitive form, oblique rectangular prism. 
Sp. gr. 2.77. Scratched by quartz. Colour, brown, yellow, 
reddish. 

Biotina. Somewhat similar to the last. Scratches glass. 
Lustre vivid. &p. gr. 8.11. 

• Thes^ notices are from Silliman's Journal, Oct. 18«6, 
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FoUaceaus copper. . Very delicate sublimatioDS of copper. 

Brmlakite. In appearance a brownish or reddish-brown 
down. Seen by the microscope in acicular crystals. It is 
found in the lava of La Scalla, at Olebano and Fozzuoli. 
It consists of silica, alumina, and a little iron. 

I shall make no farther additions to this paper, the. subject 
of which would alone require volumes. I must take this op,- 
portunity of acknowledging the compliment which that excel- 
lent mineralogist, Professor Leonhard, has paid me, by trans^ 
lating this and the succeeding notices into German in his 
Zeitachriftfur MinercJcgie. The only one which I have seen 
is a neat abridgement of No. iii. On Pausilipo, &c. 

NOTE D. (No. II. On the Buried Cities,) Vol. x. p. 120. 
On the Silence of Plvny respecting the fate gfPompm^ 

In the Bibliotheque Universelle for 1829, where the greater 
part of this paper has been. translated, I find the following 
annotation. ^' Ce silence est, ce me semble, fadle k expliquer. 
Pline ecrivoit k son ami Tacite qui lui avoit demande la rela- 
tion de la mort de son oncle ; il ne devroit done entrer dans 
les details qui se n'atachoient a cet evenement particulier ou k 
la nature du phenomene. L^ensevelissement d^Herculaneum 
et de Pompeii n>toit certainepient pas ignor^ de Tadte, et 
Pline n'avoit qui faire de lui en parler." (R.) 

NOTE E. (No. III. On the District of PamUipo, ^c.) 
Vol. x. p. 264. On the rock called Piperm. 

This species of trachyte, for such it must be considered, is 
sufficiently characteristically described in Mr Scrope^s memoir, 
in the GedogicOfl Transactions^ yfhich has been, published 
subsequently to the article before us. Since writing it I have 
also had occasion to remark a structure very similar to , that 
here described in the felspathose trap rocks of the eastern 
Pentland Hills, near Edinburgh, where the augite displays a 
similar concretionary separation. It appears both in patches 
and cavities in the felspar basis, having an elongated form ex- 
actly as described in the case before us, and presents so much 
of a fused appearance, as might readily give Breislak the idea 
of its being pitchstone. This striking similarity will give some 
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asristance in detemnniBg the true geological place of this rock, 
and will likewise give us reason to suppose, as was binted at 
in the text, that, like the trap rocks, it was protruded through 
the st^rincmnbent mass of tufa. 

NOTE F. (No. IV. On the Sdfatara.) Vol. i. N. S. p. 13S. 
On the comnec^xm of the Solfc^ra with Vesuvius, 

On this point, and on the interesting question of the sttb* 
terranean cavity before the area of the Solfatara, on both of 
whidi I have in this paper strongly expressed my opinioD, I 
have the satisfaction of being able to cite the authority of Sir 
Humphry D»vy, a philosopher whose sober judgtnent so ad* 
mirably tempered his ingenious sagacity, as to render even 
his hypothetical deductions highly valuable. H« obseives : 
** There is no question but that the ground under the Solfatemt 
18 hollow, and there is scarcely any reason to doubt of a sub- 
terranean communication between this crater and that of Vesu« 
vius. Whenever Vesuvius is in an active state, the Solfaterrft 
is comparatively tranquil. I examined the boeca of the SoU 
ikteira on the Slst of February 1880, two days before the 
eruption of Vesuvius was at its height The columns of steam, 
which usually arise in large quantities when Vesuvius id tran- 
quil, were now scarcely visible ; and a piece of paper thrown 
into the aperture did not rise again, so that there was every 
reason to suppose the existence of a descending current of 
air.* The subterraneous thunder heard at such gretft distan- 
ces, under Vesuvius, is almost a demonstration of the existence 
of great cavities below filled with aeriform matter, and the 
same exeavatfons which in the active state of the vcdcano 
throw out during so great a length of time immense volumes 
of steanv^ must, there is every reason to fa^eve, in its quiet 
state, become filled with atmospheric air.f ^ 

* In 1814j in 1815^ and in Jan. 1819^ when Vesuvius was compsratifely 
tranquil^ I observed the Solfaterra in a very active state> throwing up large 
quantities of steam and some sulphuretted hydrogen. — 1>avy. 

t Sir Humphry Davy on the Phenomena of VokanoB, Phil, trans. 
)9S8# Part. U 
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NOTE G. (No. V. Ow the TempU of Serapis.) Vol i. N. S. 
p. 276. On the Theory of Be Jorw, 

Some time since, I had, through the kindness of Dr Hibbert, 
an opportunity of consulting De Jorio^s work an the Temple 
(^ SerapiSj which, at the time of writing this paper, I had 
failed of seeing by any means. I happened at the time the 
work was in my hands to be so engrossed by other objects, 
that I had not leisure to do more than glance over it. T saw 
enough, however, to be made aware of a fact to me most un- 
expected, that this author does not support the lacustrine 
hypothesis, which, in the paper to which this note refers, I 
had taken considerable pains to refute. I had conjectured 
that De Jorio was of this opinion, (p. 995, note^ because, in 
his work upon Pozzuoli, he speaks in general terms of the 
pholades inhabiting a *^ laghetto^ or small lake, and because 
Dr Daubeny, in quoting the author, esq^ressly infers him to 
support the idea of the lake being separated from the sea, and 
at a higher level.* But, from what I saw of De Jorio^s work, 
I believe I am correct in asserting, that his <* k^hetto^ was 
nothing but a small arm of the sea, which, eommunk»ting 
with it, retained the same level ; and he therefore supposes a 
real change in the relative level of the Temple and the sea 
exactly as I have done. . Indeed, it give me very unexpected 
pleasure to observe, that, while I thought I was going direct- 
ly against the Canonico De Jorio, we seem (with the exception 
of his supposition that the temple was built under high water 
mark,) to have been pursuing almost the same course, derived 
from similar data ; a circumstance highly confirmatory of any 
hypothesis supported without collusion. 

NOTE H. (No. VI. On the DisMet of the Btxy of Bqfa.) 
Vol. ii. N. S. p. 77. On the formation of the Monte Nuofvo^ S^&, 

It is sometimes not uninstructive to notice the gross mistakes 
^hich, at no very remote period, might be nrnde by respectable 
and even distinguished travellers without instHHt detection, — 
a lesson more peenliarly to be impressed upon those who visit 
less explored countries, with an imperfect acquaintance, or tou 
tal ignorance, of the languages and customs of the natives, but 

• Folcanos, pp. 163, 164. 
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which might with advantage be attended to by the multitude 
of superficial travellers who at present overrun Europe, and 
encumber the press with their ill-digested lucubrations. I 
chanced lately to look into the travels of no less a man than 
Bishop Burnet, where I found within a few pages such a mas^ 
of errors, as might well have been distributed through the 
whole work- The following singular fancy respecting the 
origin of the Monte Nuovo is suiBciently striking ; — ** The 
Sulfatara is a surprizing thing ; here is a bottom out of which 
the force of the fire that breaks out still in many places in a 
thick steaming smoke that is full of brimstone, did throw up 
about a hundred and fifty years ago, a vast quantity of earthy 
which was carried above three miles Ji£nce% avd formed the bill 
called Monte Novo.""* It is rather extraordinary to hear such 
an account at a distance of time from the event,— ^nly half of 
that which has now elapsed. The Bishop tells us that he paced 
the Grotto of Pausilipo, and found it 440 paces. I found it 
to be 777 yards by pacing, which difiers only three from the 
measured length reduced to. English fe^t, which is 23^ ^ 
Bishop Burnet must therefore, by his own account, have step- 
ped out more than^w^^^. I will not quote any more of the 
errors which may be found within a page or two of those just 
cited. They manifest a want not only of natural history and 
of ordinary observation, but of classical information. He is, 
however, accurate upon one pqint on which the writers of the 
last century were extremely ignorant, — the depth of Lake 
Ayernus, which, it is rather remarkable, should, at so early 
a period, have been accurately fathomed, and yet, till within 
a few years, have retained its mysterious character. Bishop 
Burnet states its depth at 18 fathoms or 108 feet; and we 
have seen (No. vi. p. 86,) that Captain Smith has determined 
it to be 102 feet. 

NOTE I. (No. VII. On the Islands ofProcidaandlsAia.} 
Vol. ii. N. S. p. .342. On the origin of Serpentine. 

The remarks which in this paper the very curious fact 
of the occurrence of serpentine in Ischia induced me tO| 

• Letters on Swit^rlandf Italy^ S^c. written in 1685; and 1686. Amster- 
dam Edit. 1687, p. 216. 
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throw out on the origin of that remarkaUe rock, were rather 
intended to direct the attention of geologists to some singular 
e(Hncidences which its occurrence in this volcanic spot presented » 
fhan to hold up as a fact, that the particular > specimens in 
question owed their formation as wdl 8$ their position to 
Volcanic action. The facts connected with its geognottical 
situation were indeed so curious as to^nduce me to examine 
the authorities for and against the igneous origin of the rock ; 
but its remarkably fine mmeralogical character seeming to 
pcMUt to a primitive, prevented me from assigning to it with 
any confidence a volcanic formation, though I am much dis^ 
posed to believe that it has passed through the volcanic fo- 
cus, and owes its present situation to that agency. In fact, 
after bringing together the authorities for the igneous produce 
tion of the rock in general, an' opinion which I am at present 
disjposed to entertain, I added, as to the immediate instance in 
question ; ^^ but even if we should not be disposed . to admit 
its presence as an indigenous rock (meaning in this case igni- 
genous,) it may at least have been elevated by volcanic explo* 
sion from the deep-seated bases of the Apennines, which, in 
different parts, as Lombardy, Tuscany, Calabria, and Sicily, 
display this rock in remarkable perfection.^^-^Pp. 848, 344. 
\ I quoted in page 342, a remarkable instance of the volcanic 
occurrence of serpentine, said to be recorded by Sir George 
Mackenzie in his account of Iceland. Since writing this 
paper, Dr Brewster has communicated to me a letter from Sir 
George Mackenzie, pointing out the mistake into which I had 
fallen, and stating that his Travels in Iceland contained no 
account of serpentine in the mountain of Akkrefell. I greatly 
regret this mistaken report of Sir George's observations, as I 
now find it to be, but, at the same time, I fear that the source 
in which the error originated must have done much more harm 
than any inadvertence of mine could produce. I took the state- 
ment from a paper of Brongniarfs, on the serpentines of Italy, 
translated in M. de la Beche's volume of Foreign Geological 
.Memoes. In this work the passage runs thus :-^^^ Sir 6. 
Mackenzie states, that the volcanic amygdaloid beds of the 
mountain of Akkrefell in Iceland are traversed by veins of 
serpentine of more than a metre (about 3 feet 3^ inches,) 

NEW SERIES, VOL. III. NO. II. OCTOBEH 1830. S 



274 Mr Forbes's Physical Notices of the Bay of Naples. 

in thickness.^ ' After having the mistake pointed out to me, 
I was anxious to investigate its source, and referred to the ori- 
^nal paper of M. Brongniart in the Annaks des Mines. To 
show that the translator was not in fault, I shall quote the 
words of the distinguished French geologist himself: — *^ M. 
M ackensie dit, que les couches d'^amygdaloides volcaniques de 
la montagne d^Akkrefell en Islande sont travers<^s par des 
veines de serpentine de plus d'^un metre de puissance.*^ 
Though I generally make it a rule to consult every work I 
quote by name, which is accessible to me, I shall not in this 
case be thought guilty of undue inattention, when, besides the 
accidental circumstance of being much hurried in the comple- 
tion of this paper, I made use of such high authority as that 
of Brongniart. 

NOTE K. Vol. II. N. S. p. 346.— On the Mineral Waters 
of Ischia. 

The numbers which I have here given as a rude approxima- 
tion to the contents of the Gurgitello hot spring, and which 
were deduced from the description of Andria, seem to be either 
incorrect, or applicable to some other of the numerous neigh- 
bouring springs ; for in Dr Clark^s work on CtinuUeff I find 
the following analysis by Lancelloti, professor of chemistry 
at Naples :— 

Contents of a pound. Spec. gr. 1.0065. 



Free carbonic acid, 


- 


^.195 grains 


Sulphate of soda. 


- 


3.549 


Sulphate of lime, 


- 


0.375 


Muriate of soda. 


- 


15.425 


Carbonate of soda, 


- 


13.631 


Carbonate of lime, 


magnesia, and iron. 


0.500 


Silica, 


- 


0.376 



36.050 

Analysis of the saline efflorescences on the walls of the Stufe, 
mentioned p. 346. By Dr Daubeny. 

* Annates des Mines f 1821, p. 197^ note. 
' t Page ITS. 
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Sulphate of soda, - - - - 51.0 

Muriate of soda, .... 2.3 

Carbonate of lime, .... 5.2 

Silica and other matter, insoluble in water and in acids, 3.6 

Water and loss, - - . - 37.9 

100.0 

NOTE L. Notice respecting the ClimcUe of Naples. See 
this number, page 350. 

In promising a note on this subject, I merely proposed that 
it should contain a very (ew facts on this important, but little 
investigated subject. Where data are awanting, I shall not 
spend time by swelling this already too long paper by detail- 
ing the mere common places which supply their want. While 
the climate of Naples is a theme of general admiration, and 
its perfections have perhaps been exaggerated as a winter resi- 
dence, few have thought it worth while to analyze its qualities, 
and Tenore, in his work on the Physical Geography of the King- 
dom, has been obliged to confess the meagreness of his ma* 
terials for the city itself, and their almost total want in the ex- 
tensive districts of Calabria, Abbruzzo, and La Puglia. The 
.indefatigable Humboldt, in his work on Isothermal Lines, has 
been obliged to omit this important station in his list of as- 
certained mean temperatures ; and the only good observations 
have been made since the time of the publication of that work, 
by Broschi, the astronomer-royal at Capo di Monte. His ob- 
servations have been reported and reduced by Tenore, and by 
JDr Clark, in his excellent meteorological tables appended to 
his work on Climate. As they are reduced to English measure 
we take them from the latter. 

The position of the point of observation close to the town of 
Naples is in north latitude 40°, 51', 10" ; longitude east of 
Paris in time 47^ 48", and about 240 feet * above the sea. 
The period is from 1821-1823 ; and the hours of observation 
are sunrise and 2 p. m. which in this climate we should not 
consider very satisfactory for giving the mean temperature ; 

* Or 74 metres^ as given by Tenore ; Dr Clark makes it 148 metres or 
exactly double. But I have selected the former as the most probable in 
^taelf, and also the most likely to be correct. 
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but as we find it 61^.40, or almost what we should expect from 
the analogy of Rome, we may conceive that the accuracy con- 
sists in a compensation of errors ; the temperature at sunrise 
being a little above the minimum ; that at 2 p. m. a little 
below the maximum. In fact, by examining the admirable 
hourly observations conducted at Leith, we find the defect of 
the mean annual temperature at sunrise below the mean = 
S°.16 ; the excess at 2 p. m. = 3° 04. 







Tabular View of the Climate 


of Naples. 








Year. Jan. Feb. Mar. April. May. June. 
1 1 1 i 1 


July. Aug. 2»ept. Oct. Nov. Dec. 


Mean temp 


61.40 


46.5 


48.5 


52.0 


57.0 


66.5 


71.0 


76.0 


7&5 


7-2.5 


65.0 


54.5 


50.5 


Maxima, 


93 


58 


60 


69 


78 


66 


86 


93 


91 


88 


79 


64 


61 


Minima, 


29 


29 


31 


38 


43 


51 


56 


ii4 


112 


00 


51 


44 


31 


Range,' 
Range of ) 
BanfinJ 
Eng. m. 1 


64 


29 


29 


31 


35 


35 


32 


29 


29 


28 


28 


20 


27 


1.154 


ihBSB 


0.843 


0.888 


0.710 


0.356 


).562 


0.26fc 


0.365 


0.488 


0.532 


0.621 


0.621 




























Rain in ) 
Eng.in.i f 


•29.250 


3.472 


1.221 


4.631 


i.3l5 


0.925 


2.126 


0.614 


0.748 


2.146 


4.354 


2.980 


3.724 


No. of fine 




























days. 


210 


17 


17 


13 


17 


18 


17 


29 


16 


17 


17 


18 


15 


Cloudy, 


58 


.*} 


6 


I 


a 


7 


4 


1 


3 


5 


3 


K 


5 


Rainy, 


97 


n 

- 


6 


10 


8 


e 


9 


1 


12 


1 ^ 


11 


6 


11 


• This range not being denved from register thermometere, comprehends only 


the limit of observations. 


f Mean height for the year 29.564 inches. 


X These numbers not being given by Dr Clark, are reduced from those in centi- 


metres recorded by Tenore, 


1 



From the situation of the town and Bay of Naples, freely 
exposed to the sea on one side, with a hot sun directed upon a 
slope laid out to its meridian intensity, and on the other not 
distant from the lofty summits of the Apennines, these spots 
are exposed to great and sudden changes of temperature, as 
the indication of ranges in the preceding table sufficiently 
shows. Hence also it is peculiarly at the mercy of the winds, 
each of which have their peculiar character. The north wind 
(Tramontana) is rather j)reYalent in winter, and is cool, as 
also the north east and east, (Greco and Levante,) which blow 
with considerable violence from the Apennine range. The 
south east, or Scirocco, is not unfrequent at all seasons ; and 
in my opinion is, at least during winter and spring, not less 
oppressive than that so much complained of at R(Hne* . It 
blows sometimes even with violence, yet still preserves its de^ 
pressing and unrefreshing character, high temperature,, and 



' Notes. 277 

dampness: it is said sometimes to convey the sand of the 
African dederts to the shores of Italy. The Libeccio or 
south west wind, blowing the whcde western mi^ of the Medi- 
terranean towards the mouth of the Bay, and coming in vio- 
lent squalls, raises in a few minutes the most violent tempests, 
the rapidity seeming the work of magic, and rending the 
navigation of the Bay frequently dangerous, as those who 
have had any experience in its treacherous surface must be 
aware. Spring is the least defined of the Neapolitan seasons ; 
but this very fact is the principal boast of the climate, for of 
few others can it be correctly said. 

" Hie ver assiduum, atque alienis mensibus sstas." 

The mild winter, insufficient to stop the course of vegetable 
growth, rushes into the splendour of the Italian summer. In-* 
tolerable as is the heat of the sun at the latter period, when 
unaccompained with fresh breezes, the mild winds of the west 
predominate so much, as to render thie climate far from insup 
portable, and on the coolest shores of the Bay, as at Ischia 
and Sorrento, nothing but delightful. At Naples itself the 
ordinary temperature of the height of summer is from 77"" U> 
84^, hardly ever rising to the extremes ^ven in the table, and 
never continuing at them. The winter is mild, but rainy, 
especially \xk November and December. I have given in this 
Journal for July 1828^ a meteorological register for part of 
those months, showing the unsettled weather which charaote* 
rizes them. After Christmas there is generally some cold 
weather, during which Vesuvius and the Apennines get a 
coating of snow, which, however, rarely falls^ and- hardly ever 
lies a day in the capital. The thermometer has been known 
to fall to 33^ Fabr. 

This sketch is all which space permits me at present to o£Pe& 
For some account of the botanical geography of the kingdom 
of Naples^ I may refer to the work of Tenore. The state of 
agriculture, the prolific nature of the Terra di Lavoro^ the 
mode of growth of the palm, olive, and vine in this district, 
are subjects little attended to in this country, and would re- 
quire considerable elucidation.* 

* Whilst this sheet is passing through the press, I have seen with great 
satisfaction Mr Lyell's excellent work on Greology, and find with pleasure 
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Art. IX. — An Account of Experiments to determine the 

. quantity of Light reflected by Plane Metallic Specula ufi- 

der different Angles of Incidence. With a Description of 

tfie Photometer made use of By R. Potter, Esq. Junior, 

Communicated by the Author. 

Having followed the grinding and polishing of lenses and spe* 
cula for many years as my favourite pursuit in leisure hours, 
by frequent practice in the operative part, and many experi- 
ments to improve the polishing powders, I began about eight- 
een months ago to attain some proficiency in this difficult art, 
and wished to know how near my specula approached to those 
of the late Sir William Herschel ; who, in the PhU, Trans. 
for 1800, has given measurements of the quantities of light 
reflected by the plane specula which he used in his telescopes. 
These measurements he took on a plan similar to that of 
Bouguer, Vhich he has described in his " TraitS d^Optique^ 
but this work I was not able to meet with, and not being then 
aware that Priestley in his History of Vision has described the 
instruments used by him, I was left to make such modifications 
of Count Rumford^s plan of comparing the intensity of sha- 
dows as promised to make it serviceable in experiments where 
considerable exactness was required, -and the speculum under 
examination but of small size. To avoid the stfbnger illu* 
mination which surrounded the shadows, and to find some de- 
scription of light or lamp which was not subject to sudden 
variation, were the most essential objects, and the various me- 
chanical contrivances detailed in the description, at the end of 
the paper, were adopted from time to time, as found necessary, 
to enable me to go through the measurements in less tiine and 
with more certamty. The plan of this photometer I find is in 
principle the same as that of one of Bouguer^s ; but, as given 
by Priestley, his instrument was in a state much too incom- 
plete for inquiries similar to those which are the subject of the 
present paper ; and there still remain sources of uncertainty 
-and inaccuracy which it is difficult to surmount. The one arises 

that be coincides in alaiost all my views developed in these papers, as far 
as they were published before his work. His opinions on the Temple of 
Serapis in particular are strictly the same as my own, and I am glad to 
observe that he has corroborated them by some new analogies. 
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from the fatigue of the eye experienced by looking long and 
intently at bright objects surrounded by darkness, which pre- 
vents it after some time judging accurately of very smalt dif- 
ferences, but this may in a great measure be surmounted by 
frequent practice. The variation in a few minutes of the 
quantity of light given out by every lamp, 8Ec.^.which I have 
yet tried, is a still greater source of uncertainty, and to which, 
I believe, may be attributed most of the irregularity visible in 
the results about to be given. 

The principle of the measurements by the photometer is 
this, that the light incident on a given surface varies inversely 
as the square of its distance from the luminous object. Of 
the two lamps which are used, the one being for the purpose 
of comparison, remains stationary during the measurements, 
while the direct light of the other lamp, or the reflected light 
from the speculum, are made to give an equal illumination 
with it on the thin paper in the screen ; and the quiintity of 
light reflected is found by comparing the squares of the dis- 
tances which it has passed over to give the equal illuminations; 
In this way the direct light at 40 inches is equalled only 
by the same light received through the medium of a plane re- 
flector of speculum metal when at 32 to 33 inches from the 
screen, or out of every 100 rays received by the reflector only 
about 64 to 69 arrive at the screen. 

' A small oval speculum of about 1^ inch in length, and 1 
inch in breadth, and composed of about 14J parts of tin to 32 
of copper, and highly polished, being tried in this manner, 
•gave 65.58 rays of every 100, as reflected at 18° incidence, 
'which is about 1.73 less than the average given by Sir William 
iHerschel, who does not state the incidence at which he took 
them, but only that it was nearly perpendicular. It was the 
ojnnion of .Sir Isaac Newton, (s^e his Letter in FhU, Trans. , 
dated Cambridge, May 4th, 167S») that metallic specula, in 
.common with all otber substances, reflected light *^ most co- 
piously,, when incident most obliquely,^ and this opinion has 
been adopted by every writer on the subject since. Priestley, 
after giving the results of some of Bouguer^s experiments with 
black marble and other substances, says, *^ similar experiments 
made with metallic mirrors always gave difierences much less 
considerable. The greatest was hardly ever ^n eighth or ninth 



390 Mr Toiter*&£afperimtnU to determine the quantity 

part of it, bid they were always the same way^ that \% h^ 
found more light to be reflected by tlie mirrors wfadch he used 
trhen incddeot obU<;[ue)y than when incident perpendicularly^ 
When I tried the above ^>eculum with the angle of 46* 
incidence, the aven^ of 18 meafiurements, viz. \% direct aini 
6 reflected, gave only 64.90, as the quantity reflected, showing 
a lo8B, instead of a gain, as the angle of incidence was increased ; 
but the applffent difference between 18% the incidence at which 
the former were taken, and 45% was so small that I thought 
it possibly might arise from accidental inaccuracies; but another 
set taken at 66^ to 70° incidence, giving a still less quantity, 
i was convinced the fact was just the contrary to the general 
opinion in highly pclished metallic surfaces. I knew this loss 
could not happen from the speculum not being truly plane^ 
for, from the way in which the polish had proceeded, it must, 
if any thing different from plane, be slightly concave. 

These experiments involving a very important question not 
only in the science of cities, but also in the general rdaticms 
of ponderable matter and light, I determined to bring the 
photometer into as convenient a form as possible, and to try 
them again with every precaution to insure as correct results 
as the nature of the subject would admit. Accordingly, on 
the 8th January last, having got a small oval speculum of the 
same size and composition as the one before-mentioQed, to a 
very fine and high polish, and having used a new contrivance 
in the girinding and polishing, which made me certain that it 
was very nearly a true plane, I tried it in the photometer, 
and found, as I had formerly done, that less light was reflect- 
ed as the angle of incidence was increased. Haidng in the 
meantime made some further alterations in the photometer oil 
the 25Ui January, I obtained the following measurements : 

Angle A v«Me 

of ind- - ^r Light direct. Light reflected. 

deuce. ""^ 

20P 3 each, 36ii + lf 2=3ft^ equaled 27^ +84| — »lf J iik 

60° 3 38 j +3/;,=4g^ ^'^+m^m^ 

and 
20° incidence (S8/„)« : (3lff)«: : 100 : 69^5 rays reflected. 

^ (40 j^)' : (^jtnY' • 100 : 66*79 

60° (42^)2 : (33if)«: : loo : 64^1 
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. I takf the meosureroeDte alternately, fir&t one of die direct j 
aad then- one of the reflected light, until I have a sufficient 
Qumber of preUy uniform distances, rejecting them and com^ 
men(»ng again when there has been any considerable variation 
in the lights. In this way the above did not vary more than | 
of an ifM^h in any two nei^bouriag trials of the same descrip^ 
tion. 

The foUpwing I obtained on the evening after. 

of inci- ^^^® Light tl«ect. Light reflected. 

lOP 3 each, 39^+2 =41^ equalled 26| +7 1\ = 34tV in. 

70^ 3 38^ +4i%=42j| 29i +5^V=:34H 

ft9d 
lO'' incidoDce (41^ )>'. (34^\j )^ : : 100 : 68.61 fayfa reflected. 
W - (39i§)2: («2i%)'- • 100 : 66.58 

^0° (4^rA)*- (33J )2: : 100 : e5.4« 

70? . (*2j§)2: (34 ji y:: loo : 65.15 

Three odher trials taken at 10^ incidence, but in which the 
lights had varied too much, gave 70^ as reflected, and S in 
the iame way at 70% gave 65.91* Though the results of this 
set do not well agree with those of the former, yet there iifc 
clearly a convergency in the differences, which must be allow- 
ed in spite of the uncertainty which attends this sort of experi^ 
xnents; where, if there were no Other reason, the difficulty of 
the eye jud^ng ot such small diflbrences would cause appa*> 
rent irregularities. On the 27th January I obtained the fol- 
lowing : 

ofinci- ^^^^!^g^ Light direct Light reflected, 

dcnce. 

10" 3 each, 38 +2 =40 equalled 25^ +7^^ = 32f in. 

•aO° 8 S7/,+li8=S9^^ 28/^+^1^31411 

^' ^ d7fi+8tV^4Irf, 29*V+«li :a SVff 

• and . 

10** incidence (40 )« t (32f )«: : 100 I 66.42 rays reflected. 

30° (89 A)* : (siiff)*: : 100 : 65.50 

5o« (41^*5)2 : {ss:^^ Y\ : 100 : 64.73 

A set of 3 trials taken at 70°, which were very irregular, gave 
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63.92 and 66.29 by different averages as reflected. In addi« 
tion to the convergency, it must be observed that the absolute 
quantity reflected is less in every succeeding set, which I attri- 
bute to cleaning, (perhaps too particularly,) the speculum, 
though only with soft leather every time before commencing, 
and I have before observed the same, that specula soon lose 
the highest reflective power which they had when just polished. 
This shows the necessity of having them recently and highly 
polished for this purpose; it appears also, and I have no 
doubt further experiments will confirm it, that the quantity at 
smaller incidences is more affected than at the greater ones, 
which I should have expected, for the scratches and other 
faults are always less visible when the speculum is viewed ob- 
liquely. 

The conclusions we are led to by the above experiments, 
are so contrary to the general opinion of philosophers, and to 
that of so many great authorities, that to be more xrertain of 
its being a general law in metals, I wished to compare also 
some other highly reflecting one, and accordingly, on the 1st 
and 2d February, reground and polished a small oval specu- 
lum of cast steel, and of the same dimensions as the former 
ones. On the 8th, I tried it in the photometer and obtianed 
the following . 



S-i-ss 


Light direct 




Light reflected. 


10** 5 each. 


S8H+8 =«)H equalled 24fi+7xV = 31*14 «• 


30^ 3 


S-!A+m=^S9U 




36if+Sii = S0^^ 


50° 5 


38,'s+Si',=41/h 




mi+sn=^mh 


and 








10° incidence 


(40H)' : (31J-J)': 


: 100 


I 60.52 rays reflected. 


30* 


iS9H)* ' (SOjVff)*-- 


: 100 


: 58.69 


50° 


(41 V)* : (3oiS4)*: 


: 100 


: 54.96 


Those as 


well as another set 


taken 


on the 9th are more ir- 


regular than the former ones, with the mixed metal speculum. 


so also are the following taken on the 15th February. 
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of iDci ^7^^ Light direct Light reflected, 

■dence. ® 

10** 2 each, 37i?g+2 =S9k*» equaUed22J +7i\= 29fi in. 
20^ 3 S7||+li" =39,V?J 25ii+Si| = 29ig 

SQo S 88tV+14«=40^ii 264 +3J 1 = 29^ 

^O"" not taken 

50° 3 37H+3ii,=40|f 25^+3^4 = 29|i 

60^ 3 38t^ff+3/^=41iJ 26|HHJ = 30fJg 

and 
IQo incidence (39k^3 )* - C29f j^ )': I 100 : 57-18 rays reflected. 
20^ (39/4V)' • (29i£ )^ : 100 : 55.64 

30^ (^o^^j y • (^^Si )'• • 100 • 55.49 

40° 

50^ (40|| f : (29|i f\ : 100 : 53.29 
60° (4igj )« : (30fig)2: : 100 : 54.66 

The irregularity observable in the above is no doubt owing 
to the badness of the measurements, and they show no reason 
for supposing that steel follows a difierent law to the mixed 
metal. 

I have since thought that this badness arose from the fibres 
of the wicks being acted upon by the oil, and they had not 
.been renewed. I was quite as careful in taking them as those 
of the mixed metal speculum. On the ^2d February I com- 
menced a fresh set, but found the lights so bad, and the spe- 
culum evidently so much deteriorated, that, after trying to get 
better measurements for near two hours, I gave them up. An 
average of 14 of the best measurements^ viz. 7 direct and 7 
reflected, gave only 55.68, as reflected out of every 100 at 10** 
incidence, showing that steel, as well as speculum metal, soon 
loses its highest power of reflection, though it possesses so 
much more hardness and tenacity. Between the 15th and 
22d February, it had only been twice in the telescope, and 
cleaned each time. As 1 had only ground and polished it in 
the common way for flat surfaces, I was not certain that it 
might be truly plane, and thought necessary to prove it on 
some astronomical objects. Accordingly, on the 19th February, 
with it and a 5^ inch speculum of my own workmanship, of 
.about 50 inches focal length, and with a power of 100, I saw 
o. Geminorum beautifully and distinctly defined ; and with a 
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power of 160 saw y Leonis to be double at the first view, which 
I think will be allowed to be a sufficient test of its surface be* 
ing nearly plane. 

It has been, generally and frequently asserted, that the 
quantity of light reflected by metals is directly as their den- 
sity, but this view is clearly untenable ; for, though the quan- 
tities reflected by steel and speculum metal are nearly in the 
ratio of their densities, yet, if we pursue this rule, and apply it 
to gold and platinum, whose specific gravities are about three 
times that of steel, we shall find that they ought to reflect much 
more light than they receive, which is absurd. But I find 
that the quantities of light which are absorbed or lost in the 
two metals which were the subjects of the foregoing experi- 
ments, when the rays are incident nearly perpendicularly, are 
almost exactly in the ratio of their specific heats, taken for 
equal bulks. 

It is a highly interesting inquiry to learn whether this wiH 
hold as a law with the other metals. At present we know so 
little respecting the forces concerned in producing the phena- 
mena of reflection, that every theory must be mere hypothesis 
which would show why highly polished metals should reflect 
most light when incident perpendicularly, and what should be 
the law when incident obliquely. 

Description of' the PhoUymeter^ 

The photometer consists of an upright screen a by Figs. 6 and 
7, about forty inches in height, from about the middle height 
of which projects the lateral piece frc. Fig. fl, or be fy Fig. 8; 
which is about four and a-half inches broad and fifty inches in 
length, and supported near the farther end by a leg as at ff. 
In the middle breadth of this lateral piece is fixed an upright 
pasteboard, bd e^ Fig. 6 and 7, of four inches in height, and 
,in length the same as the lateral piece. The two lamps are on 
the lateral {nece, one on each side of the pasteboard, which keeps 
separate the light from each lamp. There is an aperture cut in 
the screen, as at by Fig. 7^ four inches broad and two and a-half 
inches high, which is covered over with thin paper, and when 
the kmps are lighted, each half of this paper is illuminated by 
its own lamp, and the shadow of the thickness of the paste- 
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boftrd appears like a dark line between them, as at b. Fig. fi: 
When the illumination is not nearly equal from each lamp, the 
diffea«nce is seen very distinctly and beautifully upon this thin 
paper when viewed from behind the screen. 

To avoid the necessity of going frequently into the stronger 
light, which prevents the eyie for some time after from judging 
d small differences, and to enable me to go through the expe- 
riments with more speed and certainty, I placed the lamps on 
slides made of thin slips of wood, with thicker pieces at their 
farther extremities. The ends of the slides are seen on each 
side of bj Fig. 8, so that while observing the illumination of the 
paper behind the screen, I could draw the lamps nearer to, or 
push them farther from it ; and having the right hand slide 
marked with inches and one-fourth inches to the commence- 
ment of the thicker piece of wood at its farther extremity, on 
which the lamp was placed, and to which the part carrying the 
reflector was attached, I could read off this distance also with- 
out leaving my seat behind the screen, by using a dark lantern. 

Fig. is a larger plan of the piece of wood at the extre- 
mity of the riglit hand slide, showing how the diflbrent angles 
of incidence are obtained by placing the lamps at pins fixed 
in the wood for that purpose, which give the required angi^ 
at once when the flame is seen in the centre of the speculum 
through a small hole bored in the screen for that purpose, just 
above the centre of that half of the thin paper, the speculum 
being fixed to an arm, which turns round the pivoty* as a cen- 
tre, being at the angle 4i6^, as used in the telescope for conve- 
nience. For a shade to intercept alternately the direct and 
reflected light, I have a square piece of wood whicb turns oft 
a pivot at 6, and into it are fixed two upright pieces ab^ b Oy 
at right angles to each other, and to the square piece. When 
a 5 is in the direction of the screen, the reflected light is inter- 
cepted ; and when A c is in that direction, the direct light is 
intercepted ; and I can turn it in either direction by pulling 
one or other of the strings which are fixied to its opposite cor- 
ners, and brought to the screen so as to be nearly tight when 
the lamp is at the utmost distance required, see h^ Fig. 8. 

The upright pasteboard must be well blacked on the Irfk 
hand side, and the right hand side covered with black velvet, 
to prevent all interference of foreign light, and so also must 
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the shade which intercepts the light, and all the parts about 
the right hand lamp must be well blacked, as well as one-third 
of the length of the slide ; and if any other jwecautions are 
necessary, they will soon suggest themselves to any one who 
18 desirous to have correct results. 

I have found the variation of the light of the lamps much 
diminished by using four small wicks, as shown in the figure, 
with a larger hole in their centre to admit air to the inside of 
the flame. Perhaps if more and smaller wicks still were used 
it would be better. The wicks should not be used if they 
have been more than a day or two in the oil. I believe now 
that the irregularity of the measurements taken with the steel 
•mirror, is entirely owing to the wicks having remained so long 
as to be acted upon by the oil. 

The flame must not be larger in proportion to the speculum, 
than so that the latter may reflect the light from every part to 
the screen when they are most distant from each other. 

I found some difficulty at first in judging of the equality 
>of the illuminations when I used a speculum of the common 
metal, from its ^ving the light a yellow tinge : but by tinges 
ing the light of the other lamp to an intermediate shade, by a 
«mall piece of pasteboard stuck behind it, and painted of the 
requisite colour, the difficulty is done away with. 

The best sort of paper I have found to receive the light 
upon in the screen is the thin unsized paper which is used to 
take copies of letters under the press, and it must be stretched 
tight over the aperture by moistening before pasting it to. 

It will be seen that the divisions commencing only at the 
thicker piece of wood, the distance of the lamp in the direct 
measurements, and the sum of the distances of the lamp to 
the mirror, and the mirror to the commencement of the divi* 
sions, must be added afterwards in the reflected ones. 

On the law by which the reflective power varies at different 

incidences in polished metallic surfaces. 
The quantities of light reflected by metals, as we see by the 
experiments, have a particular relation to each other, the diffe- 
rences evidently converging for equal differences in the angles 
of incidence as we increase those angles. 
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If we form a geometrical construction, like the accompany- 
ing one. Fig. 10, taking the point O in the line P Q for acentre^ 
and describe the circular arc R Q a quadrant, with radius O R 
or O Q = 100, and if we divide this quadrant into arcs of lO' 
^ach, and draw radii O 10^, O 20°, O ^dXf^ &c. to these points 
in the circumference, we may consider the light to be incident 
at O at these angles ; perpendiculars being let fall upon the 
radius O Q, the distances O 8 10°, O 8 20°, O ^ 30° &c. will be 
the sines of incidence to radius 100. 

If now on the perpendiculars, produced if necessary, we set 
<^ the quantities of light reflected at the various incidences in 
the measurements for speculum metal taken 25th Jimuary, we 
find these terminate at a 6 c, and these points are almost 
exactly in a right line. 

To subject this to calculation, and prove how near it agrees 
in numbers with those of the experiments, we must take the 
analytical expression for a right line, y=: aj7 +&> then the 
lines O R, O Q will be the axes of the co-ordinates ; the values 
of ^ will be the proportion of light reflected, radius being 
taken as the quantity supposed to be incident, and x will be 
the sine of incidence to that radius ; b will equal the quantity 
reflected when incident perpendicularly, a being the trigono- 
metrical tangent which a parallel to this line drawn through 
the point O makes with the axis of x. 

In the experiments of the 2Sth January, b is about 72.8, 
and a is trig. tang, of about 355° 12^. From these data we 
find : — 

y at 0° incidence = 72.3 y at 50° incidence = 65.87 

IW • z= 70.86 ' 60 =65.03 

20° =69.43 70 =64.41 

30° =68.11 80 =64.04 

W = 66.91 90 = 63.91 

which we see is as near to the quantity determined by experi- 
ments as can be expected from the nature of them. 

It is also remarkable, that, in the experiments of the 26th 
and 27th, the quantities still form right lines, though the re- 
flective power was diminished ; the last measurements in those 
of the 26th and the first in those of the 27th, being the only 
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t)fie8 ahowitig anything of irreguknty, and this not more than 
4nuet be alloyred for error in phlotometrical investigations; 

Hence I deduce this law, that the reflective power in metals 
of smooth surface is a function of the sine <rf inddence con- 
•taining two constant quantities, which have diflPerent values for 
different metals, depending on the peculiar nature of each. 

We are at present ignorant of the prc^rties which produce 
the forces, whose effects are represented by a and i in the 
above formula, and even whether they have any dependence on 
each other ; but we may conclude, from the simplicity of the 
law, that the case of reflection by metals is of the simpleift 
order. 



. Aet. :K.^On the Double CUoridea qf Gold <md Poiatgium, 
wUh a Note on the Tartaric Add of the Voages, By Pro- 
' ' fessor BsBZSLiusy in a Letter to the Editor* 

Sir, 

.In the 5th Number of the Edinburgh Journal of Science^ 

^ which I havp just received, I find in page 138 the result qf 
an analysis of the double chloride of gold and potassium, which 

. I bad the honour of making conjointly with your countrymap 
Mr Johnston, which differs essentially from the result of an 
analysis made by Mr Johnston after his return to Edinburgh, 

.and from which he concludes that there may exist two diffe- 
rent double chlorides of gold and potassium. I consider it 
my duty to explain this point. Mr Johnston having inform- 
ed me some time ago of his suspicions as to this matter, I have 
examined the data obtained by the analysis he describes, and 
I have found, that, by an error of subtraction, the weight of 
the chlorine was diminished by a quantity, which, by the same 
error, was added to the chloride of potassium. The weight of 

>the gold is what it ought to be in the i^Qhydrous salt. T have 
since made a new analysis of the same double sajt^ of which I 
take the liberty of communicating to you the result. 

Chloride of potassium, 17.525' S5 1 atom. 

Metallic gold, - 46.800 = 1 — ^ 

Chlorine, - - ^.050 = 8 — 

Water, - - 10.625 = 5 
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This analysis diifers a little from that of Mr Johnston, in a&* 
signing to this salt an atom more of water, Mr Johnston having 
found only four. I would not dare to insist on the preference 
of my result, for this salt is very efflorescent, so that in endea^ 
vouring to dry it perfectly, that it may contain no uncombined 
moisture, we risk a partial efflorescence ; while on the other 
band, in avoiding efflorescence, we are never sure of having it 
perfectly dry. 

To ascertain if there be another double chloride of gold and 
potassium, I have made different experiments, which seem to 
prove, that the chloride, proportional to the p^r-oxide, combines 
in only one proportion with the chloride of potassium, but 
that there is also a double chloride in which the chloride of 
potassium is combined with the chloride of gold, proportional 
to the protoxide of gold, (the protochloride). It is formed 
by melting the preceding. The melted mass is brown and 
pellucid at the edges, resists for a long time a bright red hea^ 
in close vessels, and leaves much metallic gold undissolved 
when treated with water or muriatic acid. 

If you think this explanation of the results communicated 
in your Journal by Mr Johnston will interest your readers, I 
beg you to do me the honour of inserting them. — Accept, Sir, 
the expression of my very high regard, 

Jac. Berzelius, 

Postscript.-^I have newly finished a research which has 
given me some very curious i-esults. I wished to examine the 
difference between the analytical results obtained from tartaric 
acid by Dr Prout and myself,* and at the same lime I have 
analyzed an acid found in some kinds of tartar, and examined 
by John, Gay Lussac, and others, who have all determined* 
positively that it differs from the tartaric acid. In the analy- 
sis I have made of it, I found that it has the same composi- 
tion and the same atomic weight as the tartaric acid, from 
which it differs precisely as the pyro-phosphoric does from the 
phosphoric, or the cyanous from the fulminic acid. The ex- 

* This difference amounted to one volume^ or half an atom of hydro- 
gen ; and Berzelius's new result, as expressed in a letter to Mr Johnston^ 
agrces.entinely with the accurate result of Dr Prout. 

NEW SERIES. VOL. Ilf. NO. II. OCTOBER 1830. T 
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aminaUon which I have made of tb^se bodies having an iden- 
tical composition, but possessing different properties, leads to 
a researob entirely new to that of fiei^fotnorphMis bodies com- 
posed of the same number of atoms of the same elemenis^ but 
boml3ined among themselves in a different mann^r^ just as tfie 
mperiments of Mitseberlich have disooviered isomorphous bo> 
dies composed of the same number of atoms of different ele-* 
mentSy — but combined in an analogous manner, 

. Stockholm, I2th Jidy 1830. 



Art. XI. — On the double Chlorides of Gold with Potassium 
and Lithium. By James F. W. Johnston, A. M. Com- 
municated by the Author. 

I. Potassium Salt 
In a paper on the double Chlorides of Gold, published in the 
preceding ti umber of this Journal^ I inserted an analysis of 
the potassium salt I made in Berzelius' Laboratory with great 
care, but differing very materially in its results from a suc- 
ceeding analysis performed by myself. Before publishing 
either analysis, I communicated my results to Berzelius, and 
should have waited his reply, had he not informed me pre- 
viously that he had already made known his result3 to the 
Swedish Academy. Soon after my paper was published, 
however, I received a letter from Berzelius, informing me 
that my analysis was substantially correct, — that he had veri- 
fied it by a new analysis of his own, and had found, on look- 
ing back to his note-book, an error of subtraction, by which 
the calculated result of his former analysis had been vitiated. 
This new analysis and correction I had intended, in justice to 
Berzelius, to make known in this Journal^ but the reader will 
find the whole matter explained in the letter forming the pre- 
ceding article, which Dr Brewster was kind enough to trans- 
mit to me. 

The new result of Berzelius differs from mine only in as- 
signing about 1 \ per cent, more water to the constitution of 
the salt. My result gives 9.13, and that of Berzelius 10.62 
for the per centage of water ; he therefore deduces five atoms 
for that contained in each atom of tlie salt. On learning his 
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result, I felt that I could hot insist upon this point, and for 
the reason he has stated, though, except when in very thin 
scales, I have not found the crystals effloresce so very speedily 
as they seem to have done in his probably drier laboratory at 
Stockholm. I have, however, made two other experiments, 
with the view of determining the point. 

24.76 grs. of the crystals, partly prisms, and partly large 
plates, after drying on bibulous paper, and before the slightest 
trac^ pf efflorescence had shown itself, were heated on a water 
bath for an hour, when the loss amounted to little more than 
eight per c^nt. Heated more strongly to incipient fusion, the 
loss amounted tp 9.S6 per cent. Sy a third heating the ulti^ 
mate loss was 2.3 gn. = 9-4 per cent. One portion of the 
salt in this state being fused in a tube over a spirit laipp gave 
still a trace pf. moisture, while another portion treated with 
water, left a small insoluble residue of proto-chloride of gold. 
From this experiment we should infer that 9.4 was very near 
the true per centage of water in the salt. 

Again, SQ.21 grs.1 in fine prisn^atic needles were dried by 
pressure between folds of paper, and when they had the ap« 
pearance of being dry, were taken from the still moist papejr 
and weighed. By drying at SI 2°, they lo^t only 8.4 per cent* 
but by heating more strongly till ap odour of phloripe became 
perceptible, the los^ reached 1*91 grs. nz: 9*4$ per cent. In 
this state they still dissolved in water without the slightest re* 
sidue, and gave a trace of moisture when fused in a tube. 
This experiment would lead us to suppose that the true 
amount of water exceeded 9.45 per cent. In the state of pris* 
matic needles, however, the salt is not so well adapted for exr 
periment as in that of large crystals, and I have reason to 
think, that the crystals employed in both these experipyents 
still retained a portion of moisture mechanically attached. As* 
suming, therefore, 9.45 per cent, for the quantity of water 
contained by the crystals, a quantity exceeding my former de- 
termination by •3S grs. the several analysis of this salt hither- 
to published will stand as follows : 



Javal. 


fierzelius. 


Johnston. 


34.26 


17.526 


18.S8 


68.64 


26.060 


26.440 




46.800 


46.73 


7.10 


10.626 


9.45 


100 


100 


JOO 
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Chloride of potassium, 1 atom, 
Chlorine, 3 

Gold, 1 

Water, 4 or 5 atoms, 



There is a curious property of many salts which I have 
seldom seen adverted to, but which is nevertheless extremely 
deserving of attention. We commonly describe salts in their 
crystalline state only, and attend little to their habits in the 
amorphous state. And yet, in this state, they occasionally 
exhibit very interesting phenomena. Some salts, when de- 
prived of their water by fusion, deliquesce on cooling, and 
run into a liquid in which crystals are afterwards gradually 
deposited till the whole has assumed the form of a crystalline 
salt, containing water, and permanent in the air. Others at- 
tract only so much moisture as to admit of an internal motion 
of the atoms, and assume a crystalline arrangement without 
becoming liquid, of which kind is common barley sugar, as 
has been shown by Mr Graham. The chloride of gold and 
potassium is an efflorescent salt, and when left to itself gra- 
dually falls to powder. Yet the large crystals employed in the 
former of the two experiments above detailed, after heating 
to the fusing point, and losing by that means upwards of nine 
per cent., being set aside for a couple of days, had reached at the 
end of that time within half a per cent, of their original weight. 
Such an attraction for moisture we are not prepared to expect 
in an efflorescent salt, but all these phenomena are probably 
due to a tendency, with which I consider all matter to be en- 
dowed, to assume regularly crystallized forms, and to attract 
to themselves such neighbouring substances as may aid that 
tendency. This proneness to crystalline arrangement, how- 
ever, is not to be recognized as any new principle, but simply 
as an uniform result of universal mechanical laws. 

//. Lithium Chloride of Gold. 
When I drew up ray former paper I had not formed this 
salt. I have since prepared a small quantity of it, and am 
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enabled to describe its external characters. I had in my pos- 
session a quantity of sulphate of lithia, prepared by Arfved- 
son, from which I formed a quantity of chloride, by means of 
barytes. This was mixed with chloride of gold, and the li- 
quor carefully evaporated. Crystals of the potassium salt first 
separated, easily recognized by their appearance, and by their 
efflorescing property, showing that the sulphate of lithia had 
not been purified from potash. After two or three careful 
evaporations these ceased to be separated, and a crop of mi- 
nute prismatic golden-yellow needles was obtained, capable of 
removal, but not of drying between folds of paper, owing to 
their rapid deliquescence. In the air they speedily dissolve 
into a yellow liquid. At 212 it becomes opaque and parts 
with its water, and by the flame of a spirit lamp is wholly de- 
composed, giving off chlorine, and leaving metallic gold with 
the deliquescent chloride of lithium. Were the preparation 
pf this salt not too expensive a process, it might be recom- 
mended as a very effectual one for separating the two alkalies, 
potash and lithia; experiment, however, may probably indi- 
cate other triple salts by the different solubilities of which the 
same object may be satisfactorily accomplished. 

I have not made any analysis of the lithium salt, as I con- 
sider the analyses already given of the other salts sufficient to 
establish the theoretical composition of all these combina- 
tions. The water of crystallization alone is wanting, and 
that the avidity of this compound for atmospheric moisture 
prevented me from attempting to ascertain. 

I shall subjoin here a view of the distinctive characters of 
the four salts of gold with the alkalies. 

1. The sodium salt is permanent in the air. The potas- 
sium and ammonium salts efflorescent, and the lithium salt ra- 
pidly deliquescent. 

2. The sodium salt requires a strong heat and length of 
time to dissipate its water of crystallization. The potassium 
salt parts with all its water at a heat a little above,— the am- 
monium salt something below, and the lithium salt about that 
of boiling water. 

3. The poassmm and ammonium salts are easily distin- 
guished by the readier efflorescence of the latter, and by its 
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giving 6ff at ft gentle heftt not only chlorine, but white fames 
of sal-Afninoniac. 

4. All the itolts crystallise in four.Mded prismatic needles, 
but in this state the sodwm Bait is readily reoogilized by its 
^peculiar aftpect, givitig an inipression as if the crystals were all 
longitudinaUy striatedw In krger crystals it is denser than 
the other compounds, itnd darker coloured ; emitting a dis- 
tinct metallic sound when dropped upon glass. 

5. Left to spontaneous evaporation Use predomixiatmg form 
of the sodium salt seems to be flat rhombic prisms, or large re- 
gular rhombic tables forming flatly on the bottom of the ves- 
sd. Of X\\e potassium salt, rhombic prisms, and from a solu- 
tion containing excess of potash, large beautiful pale yellow 
prisms supported edge^ways, and increasing upwards into the 
fluid. The ammonium salt undergoes more modifications. It 
forms large rhombic tables or thin plates, increasing upwards 
after the manner of the potassium salt, or four-sided, modified 
at the edges into six-sided rectangular prisms. The Uthitun 
Bait in prismatic needles has something of the aspect of the so- 
dium salt in the same form ; but it soon loses this aspect by 
its rapid deliquescenoe. 

Dr Brewster informs me that all these salts possess the re- 
markable property of dichn>ism ; and gives me reason to hope 
that he will examine their crystallogmphic and optical cbarac- 
ters more nearly as soon as leisure permits. 

PoRTOBBLLO, 23d Jugust 1830. 



Abt. XII T/ie most ancimi form in which Gold was made 

use of in Scotland as the current m/eney of the Hmss* Com- 
municated by S. Hibbert, M. D. F. R, S. £. &c 

About four or five years ago tbe following notice appeared 
wi the Inverness Courier :-— 

'^ In ploughing up a field at Leys, near the town, the 
ploughman found a rod of pure gold, about fifteen inches long, 
with three sides, each about half an inch in depth. In the 
middle it is twisted, and teiminated by a liend sbnilar to a 
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ahepberd^B crook^ in very rude workmansliip. It nras purohast 
ed at L. 4, lOs. by Mr Naughtoo, jewelkr here, and is now 
in his possession. No one vrbo has. seen it can imagine the 
irae to which it may be applied; but we hope that the dwner 
of it will not send it to the crucible till it is examined by some 
of our antiquarians.^' 

After this notice had appeared. Sir Henry Jardine kindly 
submitted tbe rod to the inspection of the Society of Scottish 
Antiquaries at one of their meetings, in which I was presenjt ^ 
Secretary ; and on the same occasion was read a short notice of 
it by Mr George Anderson, F. R. S. E., the active atod abW 
Secretary of the Northern Institution of Inverness. 

^' The only additional information I have been able to pro^ 
eure,^ says Mr Anderson, '^ respecting thia discovery is, that 
the plough seems to have gone several times over the spot 
where the treasure lay before it was noticed, and that th^ bend 
in the largest portion of the rod is thought by some who have 
seen it to have been occasioned either by the horses^ feet or bjjT 
the ploughshare.'" It was also added, that ^^ two or three smaU 
pieces subsequently found, were aisp brought to the jeweller^ 
forming, when joined together, a gold rod of about 18 inches 
in length, oearly half an inch in thickness, three-sided or 
grooved, and spirally twisted.^ 

The information thus conveyed, in connection with the ac- 
tual relic which was exhibited, showed that it.wasnotbiiigbut 
a plain spiral gold nod, perhaps originally unbentf devoid, of 
atU ornament whatever. 

Regarding its probable use^ much was said ^n this occasion^ 
Mr Anderson oomtmunicated the opinion of a learned geptjle^ 
man, the author of the CuUoden papers, who imagined tbfit 
all Uie pieces found must have formed portions of a bent wire 
or rod for suspending the sacrificial vessels of the Druids* 

Another opinion hazarded by Mr Anderson, though with 
proper diffidence, and in which I myself was disposed to con- 
cur for want of a better coBJecturCe was, that the gold rod 
might bawe been an ensign of ofBoe, or some mark of distinct 
tion worn by a chief for superior wisdom or valour, analogous 
to the goiden torquis or collar Worn by chiefs of many ancient 
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nations, or to the wreath of gold (torch aur) said to have been 
particularly in use among Welsh leaders of distinction. 

The discouragement, however, to this last supposition, was, 
that there was a great presumption that the gold relic never exist- 
ed in the form of a collar, and that, being devoid of all ornament, 
and in the simple form of a spiral rod, it coold not possibly 
have been devoted to this purpose. Nor was the probability 
more in favour of the first mentioned opinion which assigned 
its use to the Druids; proofs being equally wanting that the 
Druids ever made a sacrificial use of rods of this kind, or that 
this order of Celtic priesthood had ever found a way to the 
distant lands of Inverness. In short, the antiquities of this 
vicinity, too confidently imagined to be Druidic, are radier 
assignable to the Scandinavians, who formed a settlement on 
this coast. 

But it is now time to advance my own theory, which is 
simply this : That the said rod of gold, found near Inverness, 
indicated nothing more than the form of the current money of 
many northern countries, when paid in gold. Thus we find 
that in the Welsh laws of Uowel Dha, it was enacted, that 
for invading the princess bed the offender was ^' to pay a rod of 
pure gold of the thickness of the finger of a pioughmany and in 
length from the ground to the princess mouth when sitting.'^ 
And in another part of the said code, it is enjoined, that the 
fine for insulting the king of Aberfraw shall be paid as fol- 
lows: a hundred cows from every hundred in his lordship; 
a rod of gold as long as himself and as thick as his little ftn- 
ger : and a dish of gold as broad as his face, and as thick as 
a husbandman'^s nail, who has been a husbandman for seven 
years." 

From these quotations the use and nature of the unorna- 
mented spiral rod of gold, found at Inverness, is so self-evi- 
dent, as scarcely to need a single comment. But if any suspi- 
cion should exist that it was still more intended for ornament 
than as a species of currency, I am fortunately enabled to 
quote an extract from the Rev. James Johnstone's translation 
of the Norwegian account of Haco's expedition against Scot- 
land, A. D. 1^3, to show, that while a valuable rod of this 
kind was converted by the same Northmen, who peopled many 
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parts of North Britain, to the purpase of money » it was acknow- 
ledged to convey a twofold signification, being, from its flexibili- 
ty, and superior worth as a metal, rendered a badge of power. 
A rod of gold which could be thus twisted was named a ring, 
and Johnstone states in a note, that Ringa (the word quoted 
in an ancient Saga) *' not only signified rings or bracelets, but 
also money ; for before the introduction of coinage into the 
north, very thick spiral gold wires were worn round the wrists 
of great men, who distributed bits to those who performed 
any signal service ; and such a wire is still to be seen in the 
Royal Museum of Copenhagen. It is not always easy to 
discern when by ringa is understood ornaments for the fingers, 
bracelets, rings of investiture, or the current money of the 
times.** 

The use of the spiral rod of gold found near Inverness, the 
ancient resort of the Vikingr, is at length rendered manifest. It 
was the current money of Scotland, which the chief was wont 
to distribute in bits to his followers, and when twisted mani- 
fold around his wrist, served as a liadge of opulence and dis< 
tinction. This is perhaps one of the most curious antiquari- 
an relics which has been found in Scotland for many years. 
I am ignorant of its fate, whether it has met with preservation 
in the Museum of the Northern Institution of Inverness, or 
has been committed to the crucible. I regret at the time I 
saw it my ignorance of its use, and of the interest which it was 
th^eby calculated to excite, as showing the most ancient form 
in which gold' was made use of iq Scotland, as the most valu- 
able of currencies. 



Ajit. XIII. — Remarkson the alleged Polarization of Heat. By 
the Rev. Baoen Powell, M. A. F. R. S., of Oriel College, 
Savilian Professor of Geometry in the University of Oxford, 
and Honorary Member of the Society of Arts for Scotland. 
Communicated by the Author. 

The analogies between light and radiant heat have formed a fa- 
vourite topic of inquiry and discussion to natural philosophers : 
and have certainly in several instances afforded the means of 
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guiding them to the discov^y of important prbpertiefi of heat. 
At the same time it must be admitted, that the points of ana* 
logy have in many cases been mistaken, and hence much vague 
and hypothetical speculaticm has arisen. Not a little perhaps 
of such speculation has been occasioned by the confused ideas 
long adopted as to the nature of the heating agents described 
under the general name of ^^ radiant heat,^* but which I con- 
ceive later experiments have tended to dispel, byimalyeingthe 
effect so designated into its component elements, and thus fur« 
nishing us with more precise notions, by the adoption of which 
we may view the various results already obtained in a new and 
dearer light, perceive their relations and analogies present* 
ed in a more just point of view, and thus possess a more sure 
foundation for further researches. 

The discovery of the polarisation of light by reflexion, and 
the law of its subsequent non^reflexion at the proper incideoee 
when the planes of reflexion are at right angles, exhibited by 
the experiments of Malus, afforded a new field of inquiry t6 
those who were engaged in pursuing the analogies of light and 
heat. Accordingly, the subject was taken up by M. Berard, 
with the view of trying whether a ^milar property was pos^ 
sessed by " radiant beat,'* using the term in the somewhat 
vague sense in which it was then employed. 

It is to be regretted that of his experimenfts we possess no 
further accounts than very general abstracts. Berard's me- 
moir was read before the French Institute, and in .the AMUxht 
de Chimie for March 1813, is given the report of the Com* 
missiouers of the Institute upon it, of which a translation ap- 
pears in the Annab of Philosophy/, O. S. vol. ii. p. 164. The sub- 
stance of the same statement is also given by Biot in his Traite 
de Physique, vol. iv. p. 602. In this report the Commissioners 
recommend the memoir to be printed in the " Recueil des 
Savans EtrangerSj'^ but, as far as I have been able to learn, it 
lias never yet been printed. The title of the memoir is, ** On 
the Physical and Chemical Properties of Solar Light!^ In 
the sequel, the author is led to examine the polarization (as 
he considers it) of the solar heat by reflexion, as in Maln^s 
apparatus, collecting the rays reflected from the second glass 
by a concave mirror having a blackened thermometer in the 
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focus, adjusted so as to receive the rays at the proper angle, 
and fixed so as to move round in azimuth with the second 
glass^ and to continue in an invariable relative position to it. 

With the same apparatus he is stated to have tried the effect, 
when, instead of the solar ray&, was substituted the radiant heat 
from a mass of hot metal, *^ k peine rouge, ou meme tout a fait 
obscur," (Biot, iv. 611.) In both cases the result was, that in 
the same positions in which light was reflected or not from the 
second glass, the heat was likewise reflected or not. 
. Upon finding the distinction between the two species of 
heating agents, which I conceive is established in my paper, 
(JPhiL Trans. 18^5, Part L) * I was naturally led to examine 
the above statements respecting polarization in connection with 
diat distinction. 

So far as respects the solar rays, it having been, as I con- 
ceive, clearly established that the solar heat is of one sim{^ 
kind, viz. of the species distinguished by passing through 
transparent media without heating th^m, inseparable from the 
rays of light, and only developed upon the absorption of those 
rays by black surfaces, Berard's results appeared to. me to 
amount to this, viz. that the solar light when polarized still 
retains its heating power unaltered ; and, accordingly, whether 
the light is reflected or transmitted by the second glass, ac- 
cording to its azimuth, the heating power is of course conveyed 
with it as in all other cases. A contrary result would have 
been an extraordinary exception to the general law. 

In regard to the effects derived from hot metal, I could wish 
the results had been stated in a more specific and detailed form. 
If they be understood as applying to the case of hot metal 
possessing any degree of luminosity, it is certainly conceivable 
that the portion of the effect due to the light may have been 
sufficient to exhibit a minute effect precisely analogous to the 
case of the solar light : with regard to metal absolutely non-lit- 
mimmSy and to the other portion of the effect, viz. ike simple 
heat in the case of Iwniinotis hot metal, the main question would 
arise. To show that simple hecBt^ distinct from light, exhibits 
this modification would be a point of the highest interest : 
and this Berard is stated to have done. Supposing the fact to 
be as recorded, we must carefully observe how far the ana^ 
* See Note at the end. 
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logy eoftends^ and this is m^ely to the circumstooce of fton- 
refleaAcyn in the proper azimuth. There is nothing to show 
whether the heat which was not reflected was transmitted like 
light, (which would be a remarkable exception to the general 
law,) or whether it was absorbed by the glass, which would 
render the phenomenon essentially different from the polariza- 
tion of light 

The great importance of Berard^s result, as referring to 
simple heatj makes it a matter of extreme regret that we should 
have no further account of it than so very general a statement 
as that just cited. It since became a point of the greatest in- 
terest to me to endeavour to verify such results — to examine 
closely into all possible sources of deception, — and to attempt 
to remove any uncertainty or ambiguity which might be sup- 
posed to affect the question from want of due distinction be- 
tween the different species of heating agents. Immediately on 
the termination of my former inquiries, therefore, I commenced 
a set of experiments on these points ; but the great difficulties 
I found in carrying them on, or, to speak more precisdy, in 
obtaining any results at all, together with other causes, have 
delayed and protracted the prosecution of the inquiry till a 
very recent period, and even now the results are far from be- 
ing as satisfactory as I could wish. I will proceed, however, 
to a brief account of ray attempts, from which a tolerable judg- 
ment may be formed how far I may be considered to have 
substantiated my conclusion, which goes to contradict that of 
Berard so far as simple heat is concerned. I am fully aware 
of the difficulty of proving a negative, and especially when in 
opposition to such high authority ; but in the absence of any 
detailed account of his experiments, my attempts may not per- 
haps appear wholly devoid of interest. 

The apparatus employed for these experiments, was precisely 
similar in principle to that used by Berard. It consisted of a 
tube having at each end a plane reflector of plate glass inclin- 
ed to the axis at about an angle of .35^% and capable of ad- 
justment by a screw ; the tube consisted of two . parts sliding 
one in the other, so as to give to the second glass a motion in 
azimuth. To the frame bearing this second glass was fixed an 
firm carrying a small concave metallic reflector, arid a side 
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branch holding a small mercurial thermometer, which could 
be adjusted so that its bulb should be exactly in the focus of 
the reflector ; and this reflector fixed in the requisite position 
to receive the rays from the glass reflector at the polarizing 
angle. 

When the apparatus was in use, therefore, a source of ra^ 
diant heat being placed in a proper position with respect to 
the first glass, the rays of heat would be reflected along the 
axis of the tube, and impinging on the second glass would be 
again reflected from it ; and being intercepted by the concave 
reflector, would be made to converge at its focus, and thus 
concentrated, would fall on the bulb of the thermometer. The 
apparatus having been adjusted for light, the observations 
were to be made for heat in the first instance, with the two 
glasses in the same azimuth, that is, with the planes of both 
the first and second reflection coincident. The second glass 
was then to be turned round in azimuth, through a quadrant; 
so that the two planes of reflexion should now be at right an- 
gles. If then the heat had acquired by its first reflection a 
property of polarization analogous to that which light requires 
under the same circumstances, we ought in the first position of 
the second glass, that is, in azimuth 0^, to perceive an efiect on 
the thermometer, and at azimuth 90% to observe none, or a 
gently diminished effect. 

In applying these considerations to practice, however, there 
are a multitude of circumstances to be attended to, which 
materially interfere with the results. Into the detail of these 
circumstances I shall not attempt here to enter. It will in 
general be sufficiently evident that among the first objects of 
attention must be the exclusion of irregular radiations, cur- 
rents of heated air, &c. This can never perhaps be perfectly 
effected. The reflectors become heated ; the different posi- 
tions of the second glass in azimuth may place it and the ther- 
mometer in a di£Perent situation with respect to some or other 
of the heating causes. I have in many preliminary trials been 
greatly misled by effects due to circumstances of this kind. 
But it is impossible to detail them in a paper Uke the present ; 
and the general statement must suffice to assure the reader, 
that no caution was spared in guarding against these fallacies. 
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and to warn those who may repeat the experiments against 
their influence^ The main difficulty with which I had to con- 
tend in these experiments is the very small total amount of the 
heat which in any case arrives at the food thermometer. This 
small effect, even in the most favourable instances, wasunavoid-< 
ably more or less disguised by interfering causes ; and the diffi- 
culty of appreciating the difference, if any, due to a change of 
azimuth, was such as to render the most numerous repetitions 
necessary before any degree of confidence could be placed in the 
results indicated. The thermometer was a very delicate one con* 
structed on purpose : its scale was such as to admit of a eenti- 
grade degree being divided into5ths, and the lOthsare readily 
estimated. The bulb is about one-fourth inch diameter: detached 
about one inch from the mounting, and coated with Indian ink. 

My object was to try experiments on the principle thus de- 
scribed in the case of simple radiant beat from non-luminous 
sources, as well as in that of the compound radiation from lumi- 
nous hot bodies. In this latter case the one species of heat could 
be separated from the other by the interposition of a glass 
screen, (which was usually placed about half way in the tube,) 
and the modifications which each portion might undergo could 
be separately discovered. 

• The direct experiment was to be made (as I have already 
described) by means of the heat reflected from the second glass : 
but comparative experiments might also be made on the heat 
transmitted through the second glass, if any ; and this, in the 
position of non-reflexion, ought, if the analogy with light hold 
good, to be displayed in a maximum effect on the thermometer 
in that azimuth, if the concave reflector with the thermometer 
in its focus were placed behind the second glass ; and in several 
series of experiments this arrangement, which may be called 
complementary to the former, was adopted. And this point 
was further pursued by observing the temperature acquired by 
the second glasa^ by means of a small thermometer in contact 
with it, in order to find whether it absorbed without transmit^ 
ting more heat in one azimuth than in the other. 

The experiments were tried upon the radiations from the 
flame of an argand lamp, and from a ball of iron heated to 
the brightest incandescence which a common fire could pro- 
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duce, as well as at a point below visible redness. Tke total 
effects, as I have already observed, were in all cltses bat very 
minute. This was, indeed, to be expected ; nor, upon a care* 
ful consideration of all the circumstances, did it appear prac- 
ticable to obtain larger indications which would not hf a£fected 
by proportionally increased causes of error. The simple radi* 
ant heat from the red hot ball after two reflexions becomes al- 
most insensible, while the glass reflectors, especially the 
first, become heated, and the radiation from them disguises 
the result. The same may be said of the entire radiation from 
hot iron when non-luminous. The other part of the heat, 
viz. that belonging to the light, is excessively minute, but is 
less liable to be lost in reflexion. In the case of flame, this 
part of the effect would constitute nearly the whole after-re- 
flexion, since the simple heat would hardly be sensible even 
after one reflexion. 

Under these circumstances, after very numerous repetitions 
in each case, I was hardly surprised to find that, even in re- 
gard to the light, the most minute effects only could be recog- 
nized by the agreement of a long series of observed results. 
And these, as far as they went, were, as might be anticipated, 
entirely accordant with the idea that the %A^, being polarized, 
was, agreeably to the law of polarization, reflected or not at 
the sedpnd incidence, and its heating power of course accom- 
panied it. Considering then this portion of the results^ ob- 
tained by the interposition of a glass-screen, they would only 
show that in this case the term polariz^tUni of heat is jnost im- 
froperJy applied. The Ught is polarized^ and whether it be 
reflected or not at the second incidence, it conveys tke heating 
power with it^ which arises simply from its absorption by 
black surfaces. 

With respect to the other portion of the etfect, or tke simple 
radiant heat^ I can only say, that I have been unable, in all 
the lengthened series of results I have obtained, to perceive 
the smallest difference in the effects due to it, in the two rec- 
tangular azimuths of the second glass. 

These effects, in the instance of non-luminous hot iron, 
were likely to be obtained in their simplest form ; and it only 
remains to be considered how far the radiation from the glass 
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reflector may have contributed to the observed effect. The 
increase of temperature of the second glass was observed and 
'found very small ; and if any non-reflexion of the regularly 
transmitted heat had occurred in the proper azimuth, it may, 
I conceive, be inferred, that it must have made some percep- 
tible difference between the long series of results observed in 
two positions. Not the smaUest d\fferenoey however^ tuas upon 
the whole perceptible. Yet in the corresponding case of the 
lamp^ such a difference did certainly appear. 

With the luminous hot iron again, (the glass screen being 
interposed,) there was an appreciable difference between the 
two azimuths ; but on the admission of the simple heat, by 
the removal of the screen, the whole intensity being of course 
increased, that small difference was in no degree increased 
with it. 

How far results of this description can be considered as 
tending to decide the question under consideration, it is not 
for me to determine. But the distinction I have formerly 
pointed out between the two species of heating effect in lumi- 
nous radiations, must be admitted to place the question in a 
different point of view from that in which it has hitherto been 
regarded. We have thus to regard Berard's conclusion, with 
respect to simple heat, as the essential point ; and this con-^ 
elusion, (so far as my experiments are to be relied on,) I have 
uniformly failed in being able to verify. 

It only remains for me to express my earnest hope that some 
experimentalist, better qualified for the task, will be induced to 
take up the subject. And by the construction of better ap- 
paratus^ and the invention and adoption of more satisfactory 
methods of experimenting, will succeed in bringing this inte- 
resting question to a completely decisive termination. It is, 
indeed, chiefly with the view of suggesting this, that I am in- 
duced to give publicity to these remarks. 

Note. 

Perhaps it may here, for the sake of some readers, not be 
irrelevant to state briefly the nature of my former experiments 
alluded to. 

I conceive I have shown in those experiments that there are 
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two distinct specieis of heating efffect emanating together tfi'om 
luminous hot bodies. The one transmissible through glaiSy 
and affecting bodies according to their darkness of colour^ 
The other noi transmissible through glasSy and affecting 
bodies according to the teatture of their surfaces. 

The solar heat appears to consist solely of the first kind-: 
that of luminous hot bodies of both ; and that of non-lumi- 
Qous hot bodies, solely of the second kind. 

My paper, published in 1825, having been ifearly a first 
attempt at an investigation of this kind, has many of the de- 
fects incidental to an early production. In particular, the ex- 
periments were complicated by several circumstances which 
further consideration shows to have been unnecessary. 
. The essential experiment is in fact one of extreme simplicity. 
It is only necessary to place a smooth blacky and an absorptive 
whitCy thermometer near together at a short distance from a 
luminous source of heat; observe the degrees risen by one^ 
while the other rises a given quantity as one degree. Repeat 
the observation with a glass screen interposed, (keeping them 
in the same position,) and the inequality of their risings will 
}^ found in all cases increased. 

Thermometers of the most ordinary sensibility are quite suf* 
ficient ; and the rays from a red hot poker, from the flame of 
a lamp, or even a candle, give very satisfactory results. 
, It will be found on consideration, that all the interfering 
qauses are such as wouldtend to diminish the inequality whea 
the screen is used, yet we find it invariably increased. 

It may here be observed, that I have all along assumed as 
one of the characteristics of simple radiant beat the general 
faet of its incapacity to be transmitted in the way of direct 
radiation through solid media acting as screens. To this ge- 
neral fact, the experiments of Mr Hitchie make one exception, 
in the instance of transparent screens of great tenuity. Though 
some results which I fomerly obtained were at variance with 
his, yet, from what he has subsequently written, I am wiHrng 
tcV admit the superior delicacy of his apparatus. And^ I may 
be allowed to take this opportunity (which various causes have 
before denied me) of acknowledging the candid tone of his re- 
marks on my experiments. Relying on that candour, I may 
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also be permitted to remark in general, that this exception' 
appears to me so remarkable a one that I should be anxious to 
examine whether there may not yet be found some means of 
explaining it. The progress of research has tended to dimi- 
nish the points of resemblance between light and simple heat. 
Even the fact of the radiation of heat itself seems very likely 
to possess little real analogy with the propagation of light. 
The mode in which heat is in general propagated through 
screens has been so satisfactorily traced, and shown to be so 
essentially distinct in its nature from direct radiation, as to 
make it a very extraordinary circumstance, that in this one in- 
stance the heat should possess a new mode of action : and 
more especially when this property is connected with the trans^ 
parency of the screen ; a quality to which heat is in no other 
case found to bear any reference. These considerations would 
show the propriety of a careful examination into every circum- 
stance which is likely to afford any solution of the anomaly. 
Without pretending to enter at present into such an examina- 
tion, I will content myself with barely suggesting one or two 
points which might possibly be further inquired into with ad- 
vantage : — 1*^, The accuracy and fitness of air thermometers 
in researches of this nature. 2d, The laws by which the ab- 
sorption and subsequent radiation of heat is regulated in bo- 
dies extremely small, and thence in screens of great tenuity, 
whether consisting of fixed substances, or perpetually renewed 
films of fluid. 8d, Whether the difference of the condncHng 
powers of bodies continues to display itself when the substances 
are reduced to a state of great tenuity, as in the instance of a 
film of charcoal coating a glass screen. How far any of these 
causes may be found adequate to explain any part of the diffi- 
culty I do not in the least pretend to say. I leave the con- 
sideration of them to those who may be better able to follow 
up the inquiry. 



Aet. XIV. — On Jolumnite, a New Mineral Species. By W. 
Haidinger, Esq. F. R. S. E. &c. Communicated by the 
Author. 

The forms of Johannite belong to the hemiprismatic system. 
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I have observed only two varieties, which are represented inFig. 
12 and IS, Plate II. 

Although the crystals are jH^tty regularly formed, and poft^ 
sess sharp edges, yet they are so very minute, and grouped to-* 
gether in botryoidal concretions, that it becomes very ilifficult 
to find out the true form, and still more so to measure the an-^ 
gles. The latter I succeeded only in measuring by approxiaaa* 
tion as follows : Inclination of a on er, adjacent =: 111^, of a 
on 6 = 118% otaon& or a' on c zz 87** 28Cof 5 on c = 128^ 
82',of6ond = 184^6',of6on«(overc) = lOP 15' 

I did not succeed without rather unlikely hypotheses, in a»* 
certaining the dimensions of any pyramid, which might be coi^ 
sidered as the fundamental form of the species. I have pre« 
ferred, therefore, to put down the measures of the angles, as 
I obtained them by the application of the reflective goniome* 
ter ; while larger and more complicated forms of crystals may 
be discovered hereafter, which may allow of a more easy and 
exact determination of ail the geometrical relations of the se^ 
ries of crystallization. 

On account of the smallness of the crystals, cleavage is obp 
served with great difficulty ; yet I perceived traces parallel to 
the faces marked a, also parallel to another face, which re- 
places the sharp edges between b and e ; in other directions, 
there is imperfect conchoidal fracture. 

The surface of the crystals is smooth, the faces i, d, c, ^, are 
slightly streaked, parallel to their edges of combination. 
' The Johannite possesses vitreous lustre; its colour. is a fijie 
bright grass-green, which becomes pale siskin-green in the 
streak. The crystals are semitransparent. 

' It is sectile, the hardness = 2.0... 2.6, rather more conside- 
rable than that of hexahedral rock-salt. The specific gravity I 
found = 3.191, at BQ"" F. 

It is slightly soluble in water, and occasions a faint taste^ 
more bitter than astringent. 

Johannite belongs to the order SdU^ in the first class of the 
system of Mohs. As it will become necessary in future to 
dispose, into genera and species, the whole contents of this or- 
der, and to apply consequently systematic denominations to 
them all, I shall not now by a hasty determination unnecessa- 
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rily increaae the Dumber . of supb namee. At all eteots, it 
does not belong to the genus vitriol salt. Tiie denomination of 
Vitridl of Uranium^ proposed by J.ohu,* recalls to, our memo- 
ry alchemiatical ideas, which are long and deservedly forgotten* 
- It is with the highest gratification that 1 propose the name 
of Joha/nnite for the present species ; for no mineralogist ever 
had an op})orUinity» in paying a compliment to a distii^uished 
patroA of his science, to tspply to. a new species the name of 
the brother of bis prince. I am indi&bt^d for this peculiar fa- 
vour to hiis Imperial Highness the Arcbdi;ike John of Aus- 
tria. I have fndeavoured to remipd the late$t of future ad. 
mirers of one of his favourite sciences of a name, upon which 
we dwell with pleasure in the history of the preasent age, and 
thus to preserve, as long as the progress of science shall be at-* 
tributed to the labours of pur own contemporaries, the recoU 
lection of my regard to him. 

The specimens which I examined I first saw at Joachimsthal, 
in Bohemia, when I visited that celebrated mining town iq 
spring 18S6 with Mr Robert Allan, in the collection, of a min- 
itig ofiicer, Mr Peschka*. This collection having been pur- 
chased by Count Caspar Sternberg, and. presented to the Na- 
tional Museum at Prague, I. was fortunate enough to obtain 
the specimens for examination in spring 1839* I had long 
ago wished to give the name of Jobannite to a species found 
in the Austrian dominions, and had likewise requested his 
Imperbl Highnesses pernussion to do so; and I found this 
specses the more agreeable to my purpose, as Hs green colour 
contains an allusion to the Alps, the favourite abode of its im* 
perial namesake. 

I have been {frequently indebted to Professor Zippe for va- 
rious interesting minerals for eKapaination. I am under parti- 
cular obligations to him in the present C9se, h^ himself hav- 
ing already published several valui^ble papers, and the deter- 
mination of a new species being particularly interesting. 

The qpecies it«df deoerves to be cop^dered as new in mine- 
ralogy, although John has alr^4y published an analysis of 
it; yet .both physical imd chemical properties were so imper- 
fectly described, thiit it is impossible to infer from them alone 

• Chemiiche Stkrijien^ BiL vu p. S5i. 
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the identity of Johannite with bis vitriol of uraniuHi. J owe 
my full conviction of it, only to the verbal oommunicatioa of 
Mr Peschka, whom I called for exjpresaly for that purpose. 

Johannite exposed in a glass tube to die flame of the ^m 
lamp, gives off a considerable portion of water, whereby a 
dark-brown residue is left, which is friable, and still shows 
traces of the ori^nal crystalliaation of the mineral. 

When melted on charcoal with carbonate of soda, and 
placed on a bright surface of silver, and afterwards wetted^ 
a black spot of sulphuret of silver is formed on that surface. 
Also a smell of sulphuretted hydrogen is diseiigaged. If 
kept somewhat longer in the reducing flame of the blowpipe, 
and then again melted with carbonate of soda in the reducing 
flame, globules of copper are obtained. 

. Johannite forms with borax a fine green glass, both in the 
oxidating and in the reducing flame. In the latter, the glo-' 
bule sometimes also appears red and opaque on cooling, from 
the protoxide of copper. 

When treated with salt of phosphorus, only the green tints 
appear^ owing chiefly to copper in the oxidating flame, and to' 
uranium in the reducing flame. By a long continued blast 6t 
the reducing flame, the globule becomes covered with a black* 
metallic surfiftce, if much of the Johannite has been employed.. 
By an addition of tin, the red colour of the protoxide of cop- 
per is obtained. 

In a solution of Johannite in nitric acid, caustic ammonia 
produces a yellow precipitate, but becomes blue itself from 
copper. The residue comports itself with salt of phosphorus 
like pure oxide of uranium. 

Johannite appears, therefore, to contain sulphuric acid, Wat^r^ 
and the oxides of copper and uranium. We. expect to hear 
even of the exact ratio of these ingredients from Professor 
Berzeiius, to whom Mr Selfstrom was kind enough to take a 
specimen fronl me. 

This species is as rare as it is beautiful. The only speci- 
mens hitherto known were found in opening some old works 
near the mine of Elias at Joachimsthal, in Bohemia, in the 
year 1819, as a coating of fragments of uranium-ore. 

Free sulphuric acid, as is likewise supposed by John* pro- 
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bably owing to the decompositioii of some species of pyrites, 
is no doubt the cause ci the foimation of the present species. 
In the specimens whidi I examined it is accompanied by 
acicular crystals of gypsum. 



Art. XV. — Notice of a mass of Meteoric Iron recently dis-* 
covered in Bohemia.* 

The locality where this mass of meteoric iron was found, is 
the slope of a hill near the castle of Bohumilitz, in the circle 
of Prachin in Bohemia, the estate of Baron Malowetz of Ska- 
litz. A ploughman, having on the 19th September 1829, ac- 
cidentally alighted upon it with his plough, and supposing 
the mass, which was afterwards found to weigh 103 pounds, 
to be an ordinary stone, he endeavoured to lift it, and throw 
it out, but being surprised with the great weight, he thought 
it must be a precious metal. A small bit of it, however, 
having been detached by a blacksmith with a hammer, it was 
recognized to be iron. Dr Charles Claudi, an eminent lawyer 
of Prague, the proprietor of the neighbouring estate of Cy kin, 
paying a visit to the baron, was shown the mass, and as there 
are no iron-works in the vicinity, he argued that it might have 
had a meteoric origin. This was fully confirmed by Profes- 
sor Steinmann''s discovery of nickel in it, and by the peculiar 
structure which is likewise detected in other kinds of meteoric 
iron by etching a polished surface. Upon the application of 
these gentlemen, Baron JVIalowetz presented the whole of 
this highly remarkable object to the National Museum at 
Prague. 

There can be no doubt that this mass of iron has lain a long 
time in the soil, the plough having passed over it for ages; 
and it must be ascribed only to the heavy rains of last sum- 
mer, that, much soil having been washed away, it came at 
last within the reach of the plough. Its having been a long 
time exposed to the agency of air and weather, is also testified 
by a thick crust of oxide of iron, with which it was covered 
when first dug out. 

• .Abstract of several papers in the Jakrb^her des b&imisehen Mvsenms. 
No ii. 1830. 
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No. conjectures can be made respecting the age of this mass. 
There is indeed a notice by Marcus Marci de Kao)9LAJMD»* 
that a metallic mass had fallen from the sky in Bohemia, in 
the year 1618, but without the locality where it had fallen. 

According to the account by Professor Zippe, the Bohumi- 
litz meteoric iron is an irregular lump of a somewhat qua- 
^drangular shape. It is marked on the surface with irregular 
roundish impressions, of the same kind as other masses of na- 
tive iron, hav'mg a meteoric origin^ He describes the colour 
,of the surface as clove-brown^ with spots of ochre-ycllow, 
owing to the oxidation of the surface, which is covered with a 
crust of the brown hydrate of the peroxide. Within the co- 
lour is paler than the colour of newly filed bar iron, but not 
so pale as that of the Elbogen native iron. 

A polished surface, etched with nitric acid, shows the cha- 
racteristic damask-like delineations first observed by Widmanns- 
tetten. They are, however, slightly different from these in 
the delicacy and angular disposition of these figures. Those 
of Elbogen are usually thin and distinctly triangular, meeting 
at angles of 60° and 120°, whereas in those of Bohumilitz the 
lines are thicker, and meet at angles not always exactly the 
same; those of 70° and 110°, however, are more usually found. 
The whole appears to be a compound of several individuals, 
which may be distinctly seen, when slices are broken across, 
or in the fracture of the fragment, first detached by the black- 
smith. 

Cleavage may be distinctly traced in planes perpendicular 
to each other, which leads to the hexahedron as the fundamental 
form. They were obtained by cutting through the mass, but 
not entirely, and then breaking across the remainder; but, on 
account of the great toughness of the substance, it is general- 
ly interrupted by the hackly fracture. 

The mass is traversed by several cracks or fissures, and 
contains also imbedded nodules of a mixture of plumbago, 
magnetic iron pyriies, and a white metallic substance, not ex- 
actly ascertained. The latter, which occurs likewise in small 
grains disseminated in the Elbogen meteoric iron, occurs here 

• Millauer, Verliandlun^en des bohmischen Museums, 1825. 3. 
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.in larger nodules, particularly in ^e places where the iron and 
the plumbago imeet. Som^' of the nodules of the Ifttter are 
nearly an mxkk in diameter. • 

Professor Steiomann found the specific gravity to be 7.146. 

On dissolving the substanee in muriatic acid, hydro-sulphu- 
ric aeid was developed, which being introduced into a solution 
of acetate of lead, gave a small quantity of a precipitate <^ 
sulphuret €^ lead. 

A small residue of 1.12 per cent, of the whole' was left, 
, which was insoluble even in nitro*muriatic acid. It pmved to 
be a mixture of plumbago, and oi small metallic scales of a 
steel-grey colour. The solution in muriatic acid being boiled 
with nitric add, in order to bring the iron into the state of 
peroxide, was decomposed by carbonate of potassa, and the 
precipitate digested with caustic ammonia. The blue ammo- 
niacal solution left gave a re^due of 5.11 per cent, of oxide 
of nickel, by evaporation and subsequent ignition. 

The result of the analysis of the' Bohumilitz meteoric mass 
Js therefore : 

Iron, - - - 94.06 

Nickel, - - - 4.01 
Plumbago, with another metallic substance 

not sufficiently ascertained, - 1.12 

Sulphur, - 0.81 



100.00 



Aet. XVI. — Remarks on a Natural Rockvng-Stone of Gra- 
nite ^ ,mimounied by an ancient cross ^ UbistrcUive of the earig 
Gaulish Costume ; observed near the village qf Loubeyrai^ 
in the Province of Auvergne^ France. By S. Hibbbrt, 
M. D. F. R. S. E. &c. Communicated by the Author. 

£»ACH year the geologist is making the boldest trespasses on 
the ground which the antiquary, by a sort of prescriptive 
fight, has long claimed. The parallel roads of Glenroy have 
been celebrated as stupendous monuments of the labour to 
which our ancestors subjected themselves in preparing artifi- 
cial hunting grounds for the royal chace of the red-deer, yet 
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they are now more soberly- regarded as effected by the taatui^al , 
•agencies of aacient lakes. The rocking-stone, which has 
giTen rise to divers erudite dissertationfs upon the state of me- 
<;hanical knowledge among the Druids, is now more rationally 
itttributed to the concentric disintegration which is induced 
^upon certain rocks by atmospheric causes.* Not many 
years ago the site of every locking-stone in Britain was carei. 
fully registered as indicating the geographic limits to which 
the andent priests of the Celtse extended their religious in- 
•stitutes ; and when the antiquaries of our British Colonies in 
the East were employed in identifying the ancient religion of 
-the Ganges with that of the Graulish Ovates, and when lying 
Bramins amused the credulous philosphers who confided in 
them, by the legend that the BritiiA islands had been known 
to their priests in their earliest records under the name of 
<< The sacred islands of the West,^ and that in remote times 
a college of their order had existed there,--^then it was that 
a groupe of detached rocks, or boulders of millstone grit, 
situated in the West Riding of Yorkshire, which were re* 
markable for their grotesque weathered forms, and for the 
natural rocking-stones which long desquamation had induced, 
were unhesitatingly concluded^ from the indications afibrded by 
their name of the Bramham Crags, (that is, for Bramham 
Crags, read Bratnah Crags,) to be the proud existing monu- 
ments of a Braminic college ! 

It is imposible to allude to such lucubrations, which are 
still scarcely obsolete, with any degree of seriousness. If con- 
ceits like these had gone on, Europe and Asia- would have 
-been far too limited fields for Celtic researches. It is remark- 
shle that American geologists have lately described many 
rocking-stones which exist in the Western World ; and if 
natural objects like these are doomed to be forced into the 
speculations of our Jonathan Oldbucks, the next disquisition 
to be expected is one that would aissign to the Druids a priority 
over Cdumbus, in the discovery and colonization of trans- 
atlantic regions. 

But if a sneer has been deservedly excited when weathered 

* See Dr MacCulloch's excellent Bissertaiion mi the Qranite Tors of 
ComwalL 
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rocks, such as the Logao-stone and Cheesewring. of Cornwall, 
have entered into mythological discussions, it has been less 
dge to the occa^iQii tkm to the distorted manner in which such 
objects have been contemplated. No one can take the most 
superficial glance at the religious rites of our Celtic and Teu- 
tonic ancestors without being convinced, that rock worsliip 
prevailed among them to a considerable extent ; and, amidst 
the varied forms which rocks assume, the imagination would 
fi^ upon some of them as resembling the gods of their^ peoiliar 
belief. These would be their Simulacra moesta deorum, to 
ii^hich frequent allusions are made in the Northern Sagas and 
elsewhere. And thus, when a superstitious fancy haa been ena- 
bled to trace certain human lineaments in the outlines of a large 
boulder, it would become a symbol of one of the deities of the 
Edda. The Laplanders, a difiPerent race, who eventually 
adopted the religious tenets of the Norwegians, were in the 
habit, according to Sche£Per, of converting any odd-shaped log 
of wood that struck their imagination in a similar manner into 
an idol of The Thunderer. No wonder then that such as- 
semblages of rocks as shewed singular diversities in form from 
the effects of weatliering should be particularly consecrated. 
And during the prevalence of rock worship there is reason to 
suppose that the ancient Gauls set apart such sites for the 
celebration of Druidic mysteries, and that here they erected the 
cromlech or sacrificial stone. In countries, therefore, occupied 
by this people, however widely they might have he&x separat- 
ed,, we ought to find indications of the. similar religious uses 
.to which rocks were submitted, by the similar artificial forms 
which they were made to assume. Nor shall we be disap- 
pointed. If the cromlech is to be seen in many parishes of 
Wales, it is likewise to be detected in many arrondissements 
of the ancient Gaulish province of Auvergne. 

But still the question arises, what direct proof have we that 
the rocking-stone had any connection with the religious belief 
or veneration of the ancient inhabitants of Gaul ? This answer 
is not so easily made. The equipoised massive, stode is alluded 
to by Pliny, though merely regarded by him as a natural cu- 
riosity ; and an indecisive reference is made to it in The Ar- 
gonautics of ApoUonius Rhodius ; — and this is all. In the ab- 
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sence, then, of a direct proof of its religious use or applicatidn, I 
have long conceived that if it had been really held in reverence 
by the early inhabitants of Europe, the same notice would 
have been taken of it in a remote Christian period, as of the 
open temple which was formed by circular ranges of upright 
stones. The missionaries who first preached the Gospel iq 
Britain were aware that the task of conversion would not be 
suddenly effi^ted ; and hence it was a proper recommendatioq 
of St Augustine tliat a temporizing system shouH be adopted* 
Wherever, therefore, a pi^an fane existed, no attempt was 
made to abruptly destroy it, but, in order to gradually wean 
the natives from idolatry, permission was obtained that a Chris^ 
tian church should be erected in its vicinity. This acconipa- 
' niment has been accordingly so often noticed, that it is famU 
liar to every antiquary. Another question, however, now 
arises, whence is it that no similar association ha$ been noti(^ 
in certain other forms of rocks^ natural or artificial, which have 
been considered instrumental to pagan worship ? It would, for 
instance^ be a. strong indication of the religious, use .to which 
the rocking-stone might have been applied, were h either found 
in contiguity or junction with a Christian cross. That no such 
association should have been discovered in England can cre^jt^ 
little surprise, when we consider what efforts were made by tke 
early reformers, and afterwards much more so by the purittms, 
to destroy all relics of the cross, which were regarded by them 
as so many genuine marks of The Beast. Among the nH>un- 
tains of Auvergne, however, where similar havoc has not been 
made, the search after such an accompaniment will be found 
more successfuU In this country, where the natives, from th^r 
peculiar dark complexion, show decisive marks of a Celtic ori- 
gin ; where the monuments of antiquity which exist resemble 
those of Wales and Cornwall, I have at length found the 
rocking-stone surmounted by the Christian cross. Its site is a 
tolerably high ground, near, as far as I can estimate, to the 
village of Loubeyrat. A drawing of it is annexed. (See Plate 
II. Pig. 11.) 

This rocking-stone, which is composed of granite, is not 
very considerable. Its dimensions are from two to three and 
a-half feet broad by twenty inches in height. It is nicely 
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poised upon another stone of granite ; but in order to prevent 
it from rocking after the cross had been superimposed, its stea* 
diness has been secured by several rude blocks of stones, which 
are jammed into the interval round its base of support. These, 
are not represented in the drawing. On the top of the rock- 
ing-stone a square niche has been let in for the reception of a 
pedestal destined to the support of the cross. This pedestal 
is two feet one iilth in height ; its base is tw«ity-.two inches 
square, from which it gradually lessens to the summit, which 
is only fifteen inches square. On one side of the pedestal two 
figures are sculptured, which from their dress appear, of great 
antiquity. The garb is like that of certain figures which, are 
to be found on the capitol of the more ancient part of the 
Church of Volvic in Auvergne, which is attributed to. so early 
ft date ^is the sixth century, but was certa^y^not later than 
the eighth or ninth. But the speculations connected witjb tbia 
altar,'! shall separately cotisides. An inscaription appears um 
der the figures, which, from being much worn, is become nvm* 
teUigiblei I could only make out the word Pa&doh ; the rc^ 
maining letters probably alluded to the number of days of par^ 
don which this cross gave to the venerator. The orq^s, how** 
ever, which was contemporary with the pedestal, has been ren 
moved, as the one- by which it has been . replaced, though 
ancient, is evidently of later workmanship. It has been 
wrought from the black lava of thecountry^ and has a height 
freta the pedestal of about two feet. 

■ From the tenor of the foregoing observations it is evident^ 
that if a doubt be placed upon the legitimate authority of the 
antiquury to warn the geologist off bis manor, when be.assigi^ 
the fmmation of the rocking-stone to the disintegrating effect 
of atmospheric causes, the geologist, on the other. hand, has 
no right, though with much older pretensions of title, to include 
within bis own pale the subject of eontentioDv and to n>ake 

it a part and parcel of his own demesnes 

Regarding, however, the particular use to wl^ch rocking* 
stones were applied, notwithstanding they have been the sub- 
ject of infinite learned memoirs, we are still most imperfectly 
informed ; nor is it at all probable that the obsourity will ever 
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be removed. As they are the products of every country where 
loose detached rocks of a particular structure have been sub* 
mitted to the operation of atmospheric agents^ it is to be ex- 
pected that the fable§ assigned to their origin would be regulat- 
ed by the peculiar mythology of the people among whom they 
have become the object of notice and wonder. In Gt'eece two 
standing stones, one of which was a rocking-stone, have beei^i 
attributed to Hercules, who is said to have reared them in 
memory of the two sons of Boreas, whom he slew in the sea- 
girt Teno3 . ; . 

^'^ And oii^e still moves^ how morvellofis th^ tale ! - ^ 

With erery motion ot' tbe northecn gale< 

Fawk£s'& ApoUoniusf Boqk u line 1676^ &c.. 

Boriase^ whose uncontrolled fancy has coined more lintiqaari^ 
an legends than almost any other man, stoutly maintaiBs fr^m 
this passage that h waa^te ustuU yrith the andieots to (daee^ 
for a religious memoriai; one vast stone upon another so 
equally poised that the l^st external force, even a breath of 
wind,', could cause a vibration. This is, to say the least 
of it, a most illogical inference, as the very drcumstance of 
die vibrating property of sudi^ immense stones having boeii 
attributed' to the supernatural strength of Hereoles, ought to 
hav« aiTorded an argument for their comparative rarity. ' 

In the British islands also, where rockiog^stoneff are far more 
frequent than in Greece^ and where it is thecitnnmoft Voio^ 
that they were the wot'k of those everlasting rock-pilers the 
DruidSf these natural objects have afforded themes for the 
mast amu^ng conjectures, as that when violently pushed itnd 
reverberating, they were suited to alarm the eountry upoil 
jthe'apprbach of an enemy ;-^r that they > were used for divi^ 
nation, the vibraUons serving, with the assistance of a little ae^ 
cret'priest-juggling, for the determination of nationalqiidgtions^ 
or, as an drdeal, for jodimry purposes ;-^and ao. plausible^ in^ 
deed; was this last ftbie, which was invented by Toland, that 
it has been made to fenrm a very striking inddentin Mason'^s 
classical drama of Caractacus ; 



' Thither youths 

Turn your astonished eyes ; behold yon huge 
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And unhewn sphere of living adainant» 
Which, pois'd by magic, rests its central weight 
On yonder pointed rock : firm as it seems. 
Such is its strange and virtuous property. 
It moves obsequious to the slightest touch 
Of him whose breast is pure : but to a traitor, 
Tho' ev'n a giant's prowess nerv'd his arm. 
It stands as fix'd as Snowdon. No reply ; 
The Gods command that one of you must now 
Approach and try it ! 

But to return to the specimen of this kind at Auvergne.— 
I have little more to observe regarding it, except that the pro- 
vince in which it occurs is remarkable for the indubitable me- 
morials of rock worship or reverence, to which in Britain we 
give the name of Cromlechs. In fact, no portion of andent 
GftuI can perhaps boast of a greater number of them, and 
hence, the costume of the figures represented on the surmount- 
ing pedestal of the cross becomes somewhat interesting, as il- 
lustrating the ancient attire of the Gael. It has been long 
since remarked by Shaw in his History of Morayshire, that 
when l^donius Apollinaris, a bishop of Auvergne, was in the 
fifth century particularizing the dress of ^^ a Grothic Grentle- 
man^ of his country, he was actually describing the costume of 
the Scottish Highlands. ^^ He covers his feet to the ankle with 
hairy leather or rullions ; his knees and legs are bare ; his gar« 
ment is short, close and party coloured, hardly reaching to his 
hams ; his sword hangs down from his shoulder, and his buckler 
covers his left side.^ It must be confessed, however, that few 
of these characteristics can be traced in the costume of the two 
figures rudely sculptured upon the ancient stone of Auvergne, 
with the exception of what may be fairly implied to be a kilt, 
exactly like that which the Highlanders wear at the present 
day, and which, as Apollinaris states, scarcely reaches to the 
bams. But in discussing the antiquity of the Highland kilt, I 
am aware that I am entering upon debateable ground, and 
uhail therefore abniptly bring this memoir toa close : 

Non nostrum inter vos tantas componere lites. 
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Aet. XVII.— 0» Pyrophosphoric Acid and its Salts.* By 
Professor Stromeyer of Gottingen. 

Professor Stromeyer remarks, that one ofhis pupils noticed^ 
several years ago, that phosphate of soda, after being heated 
to redness, yields a white instead of a yellow preciptate with 
nitrate of silver. This observation was confirmied by the Pro- 
fessor at the time ; and he likewise found, as Gay-Lussac ha& 
done lately, that the acid prepared by the action of nitric acid 
on phosphorus, after exposure to a red heat, precipitated siU 
\er in the same manner. The product of the combustion of 
phosphorus in air or oxygen gas was observed to possess the 
same property ; but the subject had not further occupied his 
attention until the essay of Mr Clarke, published in the for^ 
mer series of this Jottmal^ (vol. vii. p. 298,) induced him to 
renew the inquiry with the view of explaining the nature of 
the change. 

Stromeyer confirms the statement of Clarke, that the con-* 
version of common phosphate into pyrophospate of soda is 
attended with no other change than the escape of a little water. 
He rightly argues that the change cannot in any respect be 
similar to that which a red heat occasions in sulphite of soda, 
which, without loss or gain in weight, is converted into sul- 
phate of soda and sulphuret of sodium, since phosphoric be^ 
eomes pyrophosphoric acid when heated alone, as well as when 
combined with an alkaline base. In fact, Stronaeyer's re- 
searches satisfactorily prove the two acids to be essentially dis- 
tinct, though in the ratio of their elements they appear to be 
identical. 

. One obvious distinction between these acids is in the differ- 
ence of the salts which they form with oxide of silver. These 
compounds differ not only in colour, but in specific gravity* 
The density of the pyrophosphate is 5.806, while that of phos- 
phate of silver is 7.321 ; and hence, in precipitating equal quan- 
tities of ffllver by pyrophosphate and phosphate of soda, the pre- 
cipitate occasioned by the former is much more bulky than that 

* Abstract of an essay read at the Hoyal Society of Gottingen in Ja- 
nuary 1830. 
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produced by the latter. They are both pulverulent when 
dry, and in that state are anhydrous ; but the pyrophosphate 
at the moment of precipitaUon^ retains a little combined water, 
though, as in the case of carbonate of lime, the union soon 
spontaneously ceases. 

Pyrophosphate of isilver fbses with extreme fatality, even al » 
tem^rature below that of redness, yielding a dark brown 
coloured liquid, which, without sufferiiig the leMt appreciabte 
decomposition, becomes a radiated crystalline mass on oooliiig. 
By the first impression of heat, long before fusion, it cfaiangeft 
to brownish yellow, and retaiiis when cold a shade of the sanae 
colour. Phosphate of silver, on the contrary, is very infusibk? 
so that it may be heated in a glass tube, or on {^atinum taUi 
to full redness, without being fused. IfB colour changes t3Gft.ft 
reddish-brown by very slight elevatiop of temperature ; but^ 
as it cools, the original yellow tint is restored. At a white 
h^at it is fused ; and then, like the pyrophosphate, it aBsumea 
a dark brown colour, but regains the yellow on cooling. I£ 
kept for any time in d fused state, a ponion of pyrophosphate 
is generated; and, consequently, the ma^s^ becomes more fu»f 
ible, and' acquires a paler tint. A v^ry minute quantity o£ 
fjyrophosphate greatly increases the fusibility of the phosphate 
of silvei*. 

Phosphate of silver is blackened by e:xpdsure to Ugfat,; wii^ 
the pyrophosphate receives a reddish tint. They are boclf 
insoluble in water, and unchanged by boi&ig. The py]K>'* 
phosphate, like the phosj^hate, is easily dissolved by nitric add, 
and is thrown again by ammonia ; but if heated with nitcki 
*6id, ammonia then precipitates the yellow, phosphata rByr 
muriatic acid it is instantly decomposed, with production o£ 
chloride of silver, and separation of pyrophoi^oHc Acid. 
Sulphuric acid acts like the nitric; buc no change: is produced 
by acetic acid. It is readily diissolved by means of ammoniay 
and falls wholly unchangeid, when the solutioti is neutraliiecL' 

Phbsph^te of silver and pyropboApIiate .of soda may .b^ 
boiled tc^ther without the least change ; but double deeom-* 
position is instantly ^produced by boiling pyrophosphate of 
silver with phosphate of soda, the insoluble salt changing from 
white to yellow. Other insoluble pyro-phosphates, such as 
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pjrrophosphate of lead, copper, and zinc, undergo a similar 
decomposition when boiled with phosphate of soda. Consist- 
ently with these facts it is found, that when nitrate of silver 
is gradually added to a mixture of phosphate and pyropbos. 
phate of soda, the first precipitate consists of phosphate, and 
the latter of pyrophosphate of silver. It is hence infen^ed: 
by Professor Stromeyer, that in th^ intensity of its attraction 
for salifiable bases phosphoric acid exceeds th^ pyrophosphoric, 
-^a circumstance which alone suffices to establish an essential 
distincdon between these compounds. 

The insoluble pyrophosphates are in general easily dissolved 
in a< solution of pyrophosphate of soda« This has been ob- 
served with the pyrophosphates of silver, lead, copper, nickel, 
cobalt, uranium, Insmuth, manganese, protoxide of mercury, 
glueina, and yttria; and, therefore, in preparing these salts 
by way of double decomposition, it is important to avoid an 
excess of the precipitant To this remark the pyrophosphates 
of peroxide of mercury, oxide of chromium, baryta, strontia, 
and lime, are exceptions ; but even the three latter, when re- 
cently precipitated, are dissolved in a small degree by pyro- 
pboq^ate of soda. The circumstance here adverted to, ap- 
pears, to depend on the foTQiation of double salts which are 
very soluble in water. It forms a striking contrast with the; 
phosphates ; for the insoluble compounds formed by double 
decomposition with phosphate of soda, are, almost without 
exception, qtiite insoluble in excess of the precipitant. 

. , Stromeyier concludes, from the preceding facts, that pyro*. 
phosphoric acid i& essentially distinct in chemical constitution 
bom the^diospboric; and that it is equally well entitled as 
pho^orous and hypojirfiosphorous acids to be regarded as a 
distinct acid of phosphorus. But the nature of the difference, 
whether arising from a different stage of oxidation, or fronv 
any other cause, does not appesu*, and requires for its eluci^ 
dation the aid of additiomd experiments. 

.. As the pyrophosphoric acid obtained by heating phosp)ioric 
acid to redness, as well as that which is formed by the com.* 
bastion of phosphorus, loses, by exposure to the air, its pro^ 
pefrty of giving a white preciptate with nitrate of silver, and 
then resembles in every respect common phosphoric acid, it 
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appeared probable that the conversion of the latter into the 
former was owing to deoxidation, and that pyrophosphoricr 
may be regarded as a hypophosphoric acid, intenpediate be« 
tween phosphoric and phosphorous acids.- It cannot, however, 
be a variety of phosphatic acid, since it doea not reduce the 
salts of mercury, nor is it inflamed by a strong heat ; but the 
idea of its being less highly oxidized than phosphoric acid, is, 
nevertheless, supported by the analogy of phosphorus with 
sulphur, selenium, and arsenic, which do not pass into a max- 
imum of oxidation when burned, and when fully oxidized 
are easily deprived of some of their oxygen. Another circum- 
stance, favourable to the same line of argument, is, that pyro- 
phosplioric acid and pyrophosphate of soda, when heated with 
nitric acid, are speedily converted into phosphoric acid and 
phosphate of soda. Against this opinion, however, the follow- 
ing facts are decisive . — that during the change just mentioned, 
the nitric acid does not appear to undergo the least trace of 
decomposition ; that a similar conversion is effected not only*^ 
by sulphuric, muriatic, and acetic acids, but even by the phos-' 
phoric; that free pyrophosphoric is converted into phosphoric 
acid by mere boiling in water, without this fluid suffering, the 
slightest decomposition ; and lastly, by the change of pho&.' 
phoric acid and phosphate of soda into pyrophosphoric acid 
and pyrophosphate of soda being unattended by any evolu-< 
tion of oxygen gas. 

Nor can it be maintained that the pyrophosphoric is an oxy- 
genized phosphoric acid. Phosphate of soda, when heated to 
redness, does not absorb any oxygen from the atmosphere, 
nor is any hydrogen or phosphorus evolved : the salt, in fact, 
loses nothing, as Clarke observed, but a small quantity of water. 
Nor does the difference between phosphate and pyrophosphate* 
of silver depend on the presence of water in one of them, 
nnce they are both anhydrous ; and the facts above-mentioned, 
establishing a decided contrast between the phosphates and 
pyrophosphates in general, sufliciently prove that the pheno^ 
mena cannot be owing to a mere difference in the ratio of add 
and base. Stromeyer is therefore disposed to consider the 
two acids as differing, in chemical constitution, rather in the 

s 
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mode in which their elements are arranged, than in the pro- 
portion in v^hich they are united. 

In order to determine this point with certainty it was ne- 
cessary to make a comparative analysis of a phosphate and 
pyrophosphate containing the same base, aind carefully to in- 
vestigate, not only the composition of the pyrophosphate, but 
the phenomena attending its conversion into the corresponding 
phosphate. The pyrophosphate of silver was selected for this 
purpose. 

As a mean of two experiments, Stromeyer found that 100 
partsof pyrophosphate of soda, when decomposed by nitrate 
of silver, yield ^2.085 parts of pyrophosphate of silver. 
Known weights of fused nitrate of silver were then precipitat- 
ed by phosphate and pyrophosphate of soda ; and as the mean 
of two experiments with each, and estimating 100 parts bf the 
fused nitrate to contain 68.6 of oxide of silver, it was found 
that 118 parts of oxide of silver unite with 38.36 of pyropho»- 
phoric acid, and with 22.96 of phosphoric acid. 

The composition of these salts was also ascertained by dis- 
solving each in dilute nitric acid, and precipitating the silver, 
in some instances with muriatic acid, and in others by sulphu- 
retted- hydrogen. The results closely corresponded with each 
other, and with those above stated. As a mean of ail the ana- 
lyses, it follows that phosphate and pyrophosphate of silver 
are thus constituted : 

Phosphate of silver. Pyrophosphate of silver. 

Oxide of silver, 83.456 118 76.89 118 

Acid, - 16.646 23.394 24.61 3862 



100.000 141.894 100.00 166.62 

The relative quantity of the two acids, united with the same 
quantity of oxide of silver, is in the ratio of 23.394 to 38.62, 
or as 3 to 6. To this great capacity of phosphoric acid is to 
be ascribed the acid redaction of a solution in whidi nitrate of 
salver has been decomposed by phosphate of soda ; a circum- 
stance by no means confined to nitrate of silver, but which 
pccurs with salt containing a strong alkaline base, such as lime 
and bary ta» and is the cause of some of the precipitate being re- 
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tained in solution. For the same reason, when phosphate of 
soda is exactly neutralized by phosphoric acid, and is con- 
verted by heat into pyrophosphate^ the resulting salt is strong- 
ly alkalinle. 

It yet remained to ascertain how much phosphate of silver 
would be obtained frofn a given weight of pyrophosphate of 
soda and pyrophosphate of silver, when the acids of these salts 
is changed into phosphoric acid. For this purpose,! .077 gram- 
mes of pyrophosphate of soda was converted into a phosphate, 
by being boiled with nitric acid^ and after neutralizing with 
soda, the phosphoric acid was precipitated by nitrate of alver. 
The restiltiDg phosphate of silver wdghed 8.40 grammes. 
Stromeyer then dissolved 1.71S grammes of pyrophosphate of 
silver in dilute nitric acid, — threw down the silver by sulphur 
retted hydrogen,-»converted the pyrophosphoric into phosphoric 
acid, and by means of nitrate of silver, employed as in the pre- 
ceding analysis, he obtained 2.543 grammes of phosphate of 
silver. This last experiment was repeated with 2.336 gram- 
mes of pyrophosphate of silver, which jrielded 3.850 grammes 
of phosphate of silver. 

These, experiments, accordingly, afford decisive evidence, 
that, during the conversion of pyrophosphoric into phosphoric 
acid, as also in the reconversion of the latter into the fntner, 
the weight of the acids do not suffer the least change. They 
confirm, therefore, the supposition above-mentioned, that these 
acids are completely identical in the ratio of phosphorus and 
oxygen, and that the essential differences between theoi are 
referable solely to the manner in which their elements are com- 
bined. We obtain then in these acids, a new and decisive 
proof of the fact, that the same elements, though united in 
the same proportion, may give rise to compounds which differ 
essentially in their physical and chemical properties ; andUiat, 
consequently, changes in the constitution of many dubstamces 
may take place, without any accompanying change in the re- 
lative weight of its ingredients. This fact, whidi in its conse- 
quences IS of the greatest importaftce, lays a whoUy new field 
of most interesting chemical inquiry, by which many pheno- 
mena, not previously accounted for, will receive a satisfaiotory 
explanation. From this source we may anticipate very ira« 
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portant results, illustrative of the chemical nature of organic 
substances; and be thus enabled to perceive how it is possible 
for so small a number of elements to give rise to such nume- 
i*ou8 and diversified combinations. 

It will readily be anticipated that the observation of Dr 
Engelhart, *^ that a solution of albumen is precipitated by i^ 
cently ignited phosphoric acid, while no turbidity is occasion- 
ed by phosphoric acid which has not been heated, depends on 
the formation of pyrophosphoric add. This fact has been al- 
ready stated by Gay-Lussac, (Annales de Chimie et de Phjf^ 
siquCy xli. 832,) and is confirmed by Stromeyer. Albuminous 
solutions will hence afford an easy mode of distinguishing pyro- 
phosphoric from phosphoric acid. 



Art. XVIII, — Notice regarding the nature of a peculiar Struc- 
ture observed in the Second Stomach of' certain Cetacea^ gene-^ 
rally considered as simply glandtdar^ but seemingly onA- 
logons to the Electric Organs t^ihe Torpedo and Gymnotus. 
Communicated in a Letter to the Editor from Dr Knox. 
To which is annewed the Microscopical Examination of the 

• Structure by Dr Brewster. 

D£AR SiK, Newington Place, Jfune 1830. 

An investigation which I made some time ago into the denti- 
tion df the Dugong and Cetacea, led me to re-examine several 
points in the anatomy of these curious animals, and amongst 
other structures then brought before me, that of the second sto- 
mach in the small species of porpoise caught so frequently in 
the adjoining Frith and Grerman Ocean, particularly attracted 
my attention. I regret, that, at the present moment, I have 
not leisure so to arrange my notes of these dissections, as to 
fit them for publication in the Journal conducted by you, and 
that, owing to this, I shall be forced to limit myself to a very 
brief notice. 

In accordance with the language of all anatomists, I shall 
speak of this species of the Cetacea as having four stomachs, 
this being the usual way of describing complex stomachs ; as 
those of the ox, sheep, deer, antelope, camel, and whale. 
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My own opinion, as explained more fully to the Royal Society 
of Edinburgh, in a Memoir I had the honour to submit to 
them during the course of last Winter Session, is, that no ani- 
mal possesses more than one stomach, divided more or less by 
compartments, and thus assuming the appearance of one or 
more cavities, which anatomists have unhappily designated as 
one or more stomachs. Now, in accordance with this language^ 
which, however inaccurate, by reason of its universality re- 
quires being respected, I shall speak of the second cavity id 
the stomach of the porpoise as being the second stomach. 

The gullet of the porpoise, composed of the usual mem- 
branes or tunics common to it with others of the mammalia^ 
terminates in a somewhat elongated and tolerably capacious 
pyramidal-shaped bag, to which we shall g^ve the name of first 
stomach. In this we find externally, and immediately invest- 
ed by the peritoneal tunic, a strong muscular coat of fibres 
spread uniformly over the surface, continuous upwards with 
the muscular layers of the gullet, and downwards with those 
which, in a similar fashion, envelope the second stomach, occu- 
pying the same situation relative to the peritoneal tunic in it 
as in the first. The muscular tunic of the first stomach is 
seemingly composed of two distinct layers, separated from each 
other by a layer of cellular membrane, and the fibres are 
chiefly longitudinal and circular. Within these two there is 
the usual celluloso-vascular layer, and it has within it a mu- 
cous membrane, covered by a strong epidermic covering. On 
maceration, we can separate from the mucous surface of the 
gullet a double epidermic covering, but one only seems to in- 
vest the first stomach. 

To this cavity the branches of the nervi vagi (which com- 
paratively are very large and distinct,) do not proceed in any 
great abundance ; their course is rather towards the second 
stomach, whose structure I shall now endeavour to describe* 

The capacity of the second stomach or cavity is less than that 
of the first, and its structure is altogether and most remarkably 
different from it. The communication is by an aperture ad- 
mitting the fore-finger, and here the textures of the first sto- 
mach suddenly cease. The epidermic covering and subjacent 
mucous membrane cease, and there is substituted for them a 
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perfectly smooth membraae, without villosities or glandular 
strjictures.: it has. a good deal the appearance of a serous mem- 
brane. This closely invests a series of fibres, which externally 
arecoveredin by an extremely vascular and cellular tunic. These 
fibres are not muscular, and have no resemblance to any glandu- 
lar structure, excepting perhaps the tubular part of the kidney* 
They are placed perpendicularly, and close to eaclj other be- 
twixt the two membranes I. have spoken of ; they stand out^ 
iherefore, everywhere, from the external surface of the inner 
membrane of this stomach like a pile of velvet enclosed by 
thin laminae or plates. 0(4tside the celluloso- vascular lami- 
na muscular layers exist, continued from those of the first sto-> 
mach, and transmitted over the second to the third. The in- 
terior of this second cavity, when laid open, presents a series 
of longitudinal and transverse elevations, which bear a con- 
siderable resemblance to the interlocking of the fingers in each 
other. To this stomach the greater part of the nervi vagi are 
distributed. 

The third and fourth stomachs or stomachal cavities, have 
been very carefully described by the Baron Cuvier, and by 
all systematic writers on comparative anatomy. The question 
raised by Camper, as to the number of the stomachs in this ani- 
mal, does not merit particular notice. The accompanying rude 
design will perhaps explain to the non-professional reader the 
appearances I have endeavoured to describe. I forbear for 
the present all speculations as to the nature of these organs. 
That they are not muscular is to me evident ; but future ob- 
servation and experiment can alone determine whether or not 
I am correct in supposing them analogous to electric organs, 
that is, fitted to exercise electric phenomena as connected with 
the digestion of the food. 

Since writing the above, the structure in question has been 
examined microscopically by Dr Brewster. The result of his 
examination is as follows : 

" I have examined the piece of stomach you have sent me of 
one of the Cetacea. It seems in its wet state to consist of tubes 
or fibres perpendicular to the two membranes which enclose 
them, thus, ||[|[||||[||[[|| and the upper surface of one of the 
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membnmes is covered with hoHowB or depressions corridspond- 
ing with the extremities of the tubes or fibres. A more minute 
examination, conducted in a different way, proves these perpen* 
dtcular portions to be tubes. In order to dry the substance 
I pressed it between folds of bibulous papOT, and the conse- 
quence of the compression was, to press together nearly aU 
the tubes, and make the whde one d,ense mass:of a dark 
brown colour; but when it became dry and slightly indurated, 
I drew it out as if it had been India rubber, and the tubes 
opened and the mass became white^ in consequence of the re«> 
flexion of the light from the separated flbre^. The whole of 
it consists of fine fibres interlaced, having a remote resemblance 
to the pith of certain plants. 



Aet. XIX.— 0» the production of regular double refractioftin 
the Molecules of Bodies by simple pressure ; with observations 
on the origin of the doubly refracting struqjture. By D^vid 
Beewsteb, LL. D. F. R. S. L. & E.* 

In various papers already printed in the Philosophical Trans^ 
actions^ I have had occasiop to show that the phenomena of 
double refraction may be produced artificially by certain 
changes in the mechanical copditioq of hard and soft solids. -{- 
In all these cases the phenop[iena are related to the form of the 
mass in which the change is induced ; and in the case of hard 
and elastic solids, they vary with any variation of form which 
alters the mechanical state of the particles. In isinglass and 
other bodies to which double refraction has been communicat- 
ed by induration, the particles take a per^ian^nt position, 
which is not altered by any change of shape j but still the 
phenomena exhibited by a given portion of the mass are re- 
lated to the surfaces where the indurating cause operated, and 
also to those by which the isinglass was bounded ; and they 
depend on the position which that portion pccupies in the ge^ 
n^ral mass. 

In all these cases the phenomena are entirely different from 

* From the PhiL Trans, 1830. 

t Phil Trans, 18U ; 1815, pp. 1, 30, 60 ; 1816, pp. 46, 56. 
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diose of regular crystals, and id Done of tbem i$ .th0 doidbly 
refraotiog force a function of the angle wbiob the iocicfeoi cay 
forms with one or more axes given in position^ . . 

As long ago as 1814 I communicated to tbe.Bayal Society 
the following experiment on the depolarizing structure of white 
wax and resia : 

^* When resin is mixed with an equal part of white wax^ 
and is pressed between two plates of glass by the beat of the 
hand, the film is almoH perfectly transparent by transmitted 
light, though of a milky white appearance by reflected lights 
it has not the property of depolarization wben.tbe light is inci-» 
dent vertically; but it possesses it in a very. perfect maimer at 
an oblique incidence, and exhiluts the segments of coloured 
rings.*^ 

The subject of double refraction was then so little develop* 
ed that this experiment excited no notice; and it was only, 
brought to my own recollection by the ascidental appearance 
of th^ specimen itself. This depolarissing film has siiffered)no 
change by remaining fifteen years between the plates of glass. 
The vertical line along which it is destitute of the property of 
depolarization is a single axis of double refraction ; and the 
coloured rings at oblique incidences are produced by the in-, 
dination of the refracted ray to the axis of double refraction. 
In order to examine this remarkable effect under a more gene- 
ral aspect, I made a considerable number of such plates with 
different kinds of wax, and with various proportions of resin, 
and I was led to results which seem to possess ccmsideraUe 
interest. 

When the white wax is melted alone and cpoled betwe^i 
two plates of glass, it consbts of a number of minute particles, 
each possessing double Refraction, but having their axes turned 
in all possible directions. If the film of wax is made extreme- 
ly thin, the particles are not sufficiently numerous to exhibit 
any action upon polarized light. 

When resin alone is melted and cooled in a similm: manner, 
it exhibits no doubly refracting structure, whether it indurates 
slowly or under the influence of pressure. 

* PhtL Trans. 1815, pp^ 31, 32. 
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If resin and ^hite wax are mixed in nearly equal prc^x>rtioii% 
the compound possesses considerable tenacity. When a propcHV 
tion of it is melted and cooled between two plates of glass^ it 
shows the quaquaversus polarization of bees'-wax, the axes of 
the elementary particles being turned in every direction* It 
possesses a eonsiderable degree of opalescence, and a luminous 
body seen through it is surrounded with nebulous light. This 
imperfect transparency evidently arises from the reflexion and 
refraction of the rays in passing from one molecule to another, 
occadoned by a difference in the refractive power of the ingre* 
di^ts, or by the imperfect contact of the particles, or by both 
these causes combined. 

In order to observe the modifications which these phenomena 
received from pressure, I took a few drops of the melted com^ 
pound and placed them in succession on a plate of thick glass, 
so as to form a large drop. Before it was cold, I laid above 
Uie drop a circular piece of glass about two-thirds of an inch 
in diameter, and by a strong vertical pressure on the centre of 
the piece of glass, I squeezed out the drop into a thin plate* 
This plate was now almost perfectly transparent, as if the pres- 
sure had brought the particles of the substance into optical 
contact. 

If we expose this plate to polarized light, we shall find that 
it possesses one axis of positive double refraction, and exhibits 
the polarized tints as perfectly as many crystals of the mineral 
kingdom. The structure thus communicated to the soft film 
by {H'essure does not belong to it as a whole, nor has it only 
one axis passing through its centre like a circular piece of un*^ 
annealed glass* In every point of it there is an axis of double 
refraction perpendicular to the film, and the doubly refracting 
force varies with the inclination of the incident ray to this 
axis, as in all regular uniaxal crystals. When the two plates 
of glass are drawn asunder, we can remove one or more por* 
tions of the compressed film, and these portions act upon light 
exactly like films of uniaxal mica or hydrate of magnesia, and 
develope a doubly refracting force of equal intensity. 

This remarkable experiment presents an interesting subject 
of inquiry. That the regular double refraction of the film is 
developed by the agency of pressure cannot be doubted ; but 
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it does not at first sight appear whether it is the immediate 
effect of the pressure, or is the same doubly refracting force 
^ which produces the quaquaversus polarization that takes place 
when the resinous film indurates without constraint. In this 
state of the film the axes of double refraction are clearly turn- 
ed in every conceivable direction ; and it is impossible to sup- 
pose that a pressure in one direction could suddenly arrange 
all these axes in parallel positions. The double refraction of 
each particle of the film has therefore been developed by the 
compressing force similarly applied to them ; and in producing 
this effect, it must have deprived each particle of the doubly 
refracting structure which it previously possessed. The sub* 
stitution of one doubly refracting structure for another may 
be easily effected in many bodies. £ven in regular crystals 
we can by heat or pressure modify or remove their double re- 
fraction. Nay, we can take away one axis from a biaxal crys^ 
tal, and communicate a second axis to an uniaxal one. When 
the doubly refracting structure is produced by induration, we 
can remove it wholly by pressure, and replace it with another 
even of an opposite character; and when it is generated by 
the living principle, as in the case of the crystalline lenses of 
animals, we can take it away entirely, and substitute a new 
and more powerful doubly refracting structure by induration* 

We may therefore consider it as clearly established that the 
uniaxal double refraction of the resinous mass has been com- 
municated to the individual molecules by simple pressure ; the 
increased transparency arising from the molecules being 
brought into closer contact, and the regular double refraction 
from the variable density impressed upon each elastic mole- 
cule, and symmetrically related to the axis of pressure. The 
effect thus produced on the resinous mass is precisely the same 
as what would take place by subjecting elastic spheres to a re- 
gular compressing force. The axis of pressure becomes an 
axis of positive double refraction', and the double refraction 
increases with the inclination of the ray to the axis, and be* 
comes a maximum in the equator of the molecules. 

By this view of the preceding facts, we are led to a very 
simple explanation of the origin and general phenomena of 
double refraction in regular crystals. That this property is 
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not inherent in t&e inoleculiss themselves may Be easily proved. 
The particles of silex^ for example, do not possess it in their 
separate state. In tabasbeer, in maoy opals, and in melted 
quartz, there is not the slightest trace of the doubly refracting 
structure : but when the particles of silex in solution are aU 
lowed to combine, in virtue of their polarities or mutual affini- 
ties, they then instantiy acquire, at the moment of their com« 
bination, the property of double refraction, and they retain it 
while they continue in this state of aggregation. The manner 
in which this takes place may be easily conceived : a number 
of elastic molecules existiiig in a state of solution, or in a state 
of fusion, arc kept at such a distance by the fluid in the cme 
case^ and by the heat in the other, as to preclude the opera- 
tion of their mutual affinities ; but when, in the process of 
evuporation or cooling, any two molecules are brought toge* 
ther by th^ forces or polarities which produce a crystalline ar« 
rangement, and strongly adhere, they will ndutually compress 
one another, and each will have an axis of double refraction in 
the directions of the line joining their centres, in tlie same man- 
ner as if they had been compressed by an ext^nal force. 

From the frfienomena of crystallization and cleavage, it is 
obvious that the molecules of crystals have several axes of aU 
traction, or liries along which they are most powerfully attract- 
ed^ and in the direction of which they cohere with different 
d^rees of force. Guided by the indications of hemitrope 
forms, and supposing the molecules to be spherical or spheroi- 
dal, we itifer that their axes are three in number and at right 
angles to each oth^, and are related in position to the geome- 
trical axis of the primidve form. In like manner the pheno* 
mena of double refraction are related to the same axis of the 
primitive form, and may be all rigorously calculated by a re^ 
ference to three rectangular axes. In uniaxal crystals, the 
three axes A, B, C must be such that two of them are equal 
and of the same name ; while the third, corresppnding with the 
apparent axis, may be of the same or of a different name. In 
biaxal crystals, thie three axes A, B, C are unequal, and in 
crystals with no double refraction the axes are equal and de- 
stroy each other.* 

• In uniaxal crystals, the resultant of the two equal axes A, B may 
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This approximation of these, two daases of facts is. too re^ 
markable to be accidental, and would go far to establish their 
dependence, even if it were not indicated by other. arguments 
which I shall proceed to illustrate. 

Among those crystals which have the obtuse rhomboid for 
their primitive form, there are many with one axis of nega- 
tive double refraction, and only one or two with one axis of 
positive double refraction. In the former^ the negative 
doubly refracting structure will be produced round the axis 
of the rhombohedron by the compression arising from attrac- 
tions in the direction of two equal rectangular axes A, fi, 
which will dilate the molecules in the direction of the third 
axis C, and make it a negative axis of double refraction, equal 
in intensity to either of the other two. Here we. require the 
combination only of two axes ; but if we suppose that there is 
in the direction of C a third axis of attraction either more or 
less powerful than the other twa, then if it is less powerful, 
the compression of the molecules produced by it will diminish 
the dilatation arising from the united action of A and B, but 
will still leave an unbalanced dilatation, or a single negativje 
axis of double refraction in the axis of the rhomb. . 

if C, on the contrary, is an axis in which the attractiv^e 
force of the molecules is greater than along A and B,. the 
compression which it produces will exceed the dilatation' aris- 
ing from A and B, and we shall have an axis of compresaioii 
along C, or an axis of positive double refraction as in quartjs 
and dioptase*. The same observations are applicable to mi- 
nerals that crystallize in the pyramidal form. 

have any relation to C but that of equality ; excepting whenC is ofa dif- 
ferent name from A and B. 

In biaxal crystals, any two axes A, fi, may be converted into three 
A + C, B ± C, ± C. See Phil. Trant^ 1818. 

* Since this pa|)er was written, I have seen the very valuable researches 
of M* Savart on the structure of crystallized bodies as developed by sono- 
rous vibrations. The curious result of his experiments, that the axis of 
calcareous spar, n negative axis of double refraction, is the axis of least 
e)astieity> while the axis of quartz, an axis of positive douUe refinc^OB^is 
the axis of/ greutesc elasticity, harmonizes in a remarl^able maimer wit^ 
the above views. 
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When the three axes A, B, C are all equal, the three rec- 
tangular compressions, produced by the aggregation of the 
molecules, will destrojf one another at every point of the 
molecule, and the body which they compose will have no 
double refraction, and cleavages of equal facility. Hence all 
crystals in which it is known by cleavage that the particles co- 
here with equal force in three rectangular directions have ac- 
tually no double refraction. 

rf the three attractive axes A, B, C are all unequal, die 
di£Perence of density which they produce in the molecules 
will be related to two axes of double refraction, the strongest 
of which will be negative or positive according as the compres- 
sion along C is less or greater than the dilatation produced 
along C by the united compressions of A and B. Hence all 
crystals belonging to the prismatic system, in which we are 
informed by cleavage that the particles cohere with unequal 
forces in three directions, have invariably two, or, as we have 
already explained, three unequal axes of double refraction, of 
which the strongest is sometimes positive and sometimes nega- 
tive. 

We have supposed the elementary molecules of bodies to be 
spherical when existing singly, or beyond the sphere of their 
mutual action ; but although their form must, in the case of 
doubly refracting crystals, be changed into oblate, prolate, or 
compound spheroids, yet the deviation of these spheroids from 
the sphere may be so small, that the forms of the bodies 
which they compose may be regarded as arising from the union 
of spherical molecules. It is more probable, however, that the 
form of the molecules suffers, a considerable change, and we 
may consider that change as determining the exact primitive 
form of the crystal and the inclination of its planes. 

The circumstance of almost all rhombohedral crystals hav- 
ing negative double refraction, which can only be produced by 
axes of compression in the equator of a prolate spheriod, ex- 
cludes the supposition, that the ultimate molecules are spheri- 
cal particles converted by the forces which unite them into 
those bblate and prolate spheroids, by means of which, ac- 
cording to the views of Huygens, all the varieties of rhomlxv 
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hedrons may be formed ;* for if this were the cAse, the obtU3^ 
rhcHobohedrons should possess one positive axis, and the 
acute ones one negative axis of double refraction. We are 
constrained therefore to suppose that in rhombohedral (sfystals 
the molecules have the form of an oblate spheroid, with its 
axes so related, that the change superinduced upon it by th<> 
forces of aggregation determines the exact form of the com«^ 
bination. In carbonate of lime for example, where the pre«- 
cise inclination of the faces of the rhombohedron can be pro* 
duced only by oblate spheroids whose polar is to their equa* 
torial axis, as 1 to 2.8204, we may suppose that the spheroids 
were originally more oblate, and that the. forces by which 
they receive the doubly refracting structure dilated them in 
the direction of the smaller axis, so as to produce a spheroid 
having its axis as 1 to S.8204. Hence if we could suppose 
the molecules placed together without any forces which would 
alter their form, they would compose a rhombohedron with H 
greater angle and having no double refraction. But when 
they are combined by the attractive forces of crystallization^ 
they compose a rhombohedron of 105^ possessing negative 
double refraction.' 

In this view of the subject, the form of the ultimate rnole^ 
cules of crystals existing separately, may be regarded as de- 
termining, within certain limits, the primitive form to which 
they belong; while the doubly refracting structure and the 
precise form of the crystal are simultaneously produced by the 
action of the forces of aggregation. 

These views receive a remarkable illustration from a new 
doubly refracting structure, which I discovered many years 
ago in chabasie, and which will form the subject of a separate 
communication. In certain specimens of this mineral, the 
molecules compose a regular central crystal, developing the 
phenomena of regular double refraction ; but in consequence 
of some change in the state of the solution, the molecules not 
only begin to form a hemitrope crystal on all the sides of the 
central nucleus, but each successive stratum has an inferior 

* See Huygens's Trailt de la Lumiire, chap. v. and the Edinburgh 
Journal of Science, No. xviii. pp. 311, 314. 
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doubly refracting force till it wholly ditoppears. Beyond this 
limit it reappears with an opposite character, and gradually 
inor^ses till the ci^ystal is complete. In this case the relative 
ititensities of the axes or poles from which the forces of aggre« 
gation emanate, have been gradually changed, probably by 
the introduction of some minute matter, which chemical ana- 
lysis may be unable to detect. If we suppose these axes to 
be free, and the foreign particles to be introduced, so as to 
weaken the force of aggregation of the greater axis, then the 
doubly refracting force will gradually diminish with the inten- 
sity of this axis, till it disappears, when the three axes are re- 
duced to equality. By continuing to diminish the force of the 
third axis, the doubly refracting force will reappear with an 
opposite character, exactly as it does in the chabasie under 
consideration. 

From the mutual dependence of the forces of aggregation 
jind double refraction, it is easy to understand the influence 
which heat produces on the doubly refracting structure, as 
exhibited in the phenomena discovered by M. Mitscherlich in 
sulphate of lime and calcareous spar, and in those which I de- 
tected in glauberite. * This eminent philosopher has found, 
by direct experiment, that heat expands a rhomb of calcare- 
ous spar in the direction of its axis, and contracts it in direc- 
tions at right angles to that axis ; "f- that the rhomb thus be* 
comes less obtuse, approaching to the cubical forms which 
have three equal axes, and that its double refraction diminishes. 
All these effects are the necessary consequences of the preced- 
ing views. The expansion in the direction of the axis, and 

• See Edinburgh Traniactions, vol. ni. 

t It follows from this fact^ that massive carbonate of lime, in which the 
axes of the molecules have every possible direction^ should ueither expand 
nor contract by heat, and would therefore form an invariable pendulum. 
As there must be, in any given length of massive carbonate of lime, as 
many expanding as there are contracting axes, then« if the coatractions 
and expansions in each individual crystal are equal, they will destroy one 
another; but if they are proportional to their lengths, the contractions 
will exceed the dilatations. In this case, we have only to combine the mar- 
ble with an ordinary expanding substance, to have an invariable pendulum. 
The balances of chronometers might be thus made of mineral bodies. 
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the contractioa of all the equatorial diameters diminish thq 
compression of the axes of the oblate spheroidal molecules^ 
and must therefore diminish its double refraction, as well as 
the inclination of the faces of the rhomb. In like manner it 
will be found that in sulphate of lime and glauberite the ex^ 
pansions and contractions will be so related to the three axes^ 
as to explain the conversion of the biaxal into the uniaxal 
structure, and the subsequent reappearance of the biaxal struc- 
ture in a plane at right angles to that in which the axes are 
found at ordinary temperatures. 

The phenomena exhibited by fluids under the influence of 
heat and pressure, and those of doubly refracting crystals, ex- 
posed to compressing or dilating forces, are in perfect confor* 
mity with the above views ; so that even without the funda^ 
mental experiment described in this paper, we might have 
been entitled to conclude that the forces of double refraction 
are not resident in the molecules themselves, but are the im- 
mediate result of those mechanical forces by which these moie^ 
cules constitute solid bodies. 

Alleely, October 5th, 1829. 



A«T. XX. — Eofperiments of Candle Wicks.* By Mr John 
Rbid, Member of the South African Institution. 

The fat of the sheep or the cow when exposed to the tempe- 
rature of 120° of Fahrenheit melts, and when exposed to the 
temperature of 500*^ suffers decomposition, and is converted 
into gaseous compounds consisting of carbon, hydrogen, and 
oxygen. At this elevated temperature they burn in contact 
with atmospheric air, the combination being attended with the 
extrication of caloric and light. 

When a candle is lighted a portion of tallow is melted, is 
attracted by the wick till it is brought within reach of the 
flame, where it is converted into the compounds above-men- 
tioned, which,. combining with the oxygen of the atmosphere, 

• Read at the South African Institution, and taken from the SouiJi 
African Quarterly Journal, No. ii. p. 121. 
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give out caloric atid light. Thi9 caloric meltfs Mother portion 
of tallow, which is attracted, decomposed, and undergoes com- 
bustion, and thus is a regular supply kept tip. 

Combustion requires an elevated temperature ; if therefore 
any substance at a low tempefature is brought near the flame^ 
it abstracts a portion of caloric, and causes a diminution of 
its size, and if brought still more close, or a substance at a 
lower temperature is made to approach it equally near, it is 
entirely extinguished. 

These circumstances serve the important purpose of regu^ 
lating the combustion, for if this •communioation of caloric to 
surrounding objects did not take place, and if the combination 
was effected at a low temperature, the whole mass wotild suf- 
fer almost instantaneous conflagration. When a candle is 
lighted or relighted, the wick either having no tallow, or only 
a small quantity, is soon consumed, and the flame is forced to 
descend till it comes near the mass of unmelted matter ; in 
this case, or when the wick is snuffed too close, the caloric being 
abstracted too rapidly, the flame is diminished in size ; and 
on account of its proximity to the mass, melts a greater quan- 
tity of tallow than is required for the proper supply, which 
accumulates and snakes tlie candle gutter^ causing waste and 
inconvenience. On the other hand, when a candle has burnt 
for some time, the wick becomes too long, diminishing by its 
presence the quantity of light evolved by the combustion. 
This obscuration may be partly owing to the shadow of this 
opaque body, but is in part owing also to the influence it 
exerts upon the chemical process which takes place. As the 
wick, is not consumed, it requires a constant supply of caloric 
to keep it at an elevated temperature, which being abstracted 
from the combustible compounds lowers their temperature, 
renders the combustion less complete, and produces a yellow 
flame instead of the usual white flame which diffuses more 
light . In consequence of this imperfect combustion, a por- 
tion of carl^n is deposited, which either passes off in the form 
of smoke^ or adheres to the wick increasing its size. It is 
therefore of importance that the wick should be of a proper 
length, that it may on the one hand afford sufficient surface 
upon which combustion may take place, and on the other not 
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diminish more than is necessary the effect of the light which 
the combustian render$ sensible. 

The thickness of the wick is of importance as well as its 
length. When not sufficiently thick it is apt tp incline down- 
wards and fall upon the candle ; or if it remain upright it 
does not attract a sufficient supply of melted tnUow for the 
combustion : when it is too thick, though a sufficient quantity 
of melted tallow may be attracted and consumed, the illumi- 
nating effect is diminished in the same way as when it is too 
long, the diminution being greater in proportion to its size. 
To remedy this it was suggested to me to try the effect of a 
flat wick ; accordingly I made a candle with a wick con- 
sisting of three separate cords placed in a plane with each 
other, the breadth of which consequently exceeded its thick- 
ness ; I also made another candle with two wicks placed at. a 
distance from each other, each wick containing five threads ; 
a third with three wicks each, containing five thread^; and a 
fourth with one round wick, containing twenty threads, and 
compared the illuminating effect of each with that of a com- 
mon wax candle. The manner in which the experiment was 
made was the following : Two square boxes were procured, 
each having one side open, the top and bottom being closed, 
these were placed with the open sides facing a wall ; in one 
I placed the wax candle, in the other box each of the other 
candles successively, and between the two boxes a cylindrical 
object at the distance of four inches from the wall ; both 
candles being lighted and snuffed so as to have the wicks of 
the length best adapted for giving the maximum of light. 
Keeping the wax candle at the distance of 18 inches from 
the wall, the others were moved backwards or fc»*wards ac- 
cording to circumstances, so as to obtain a shadow of equal 
intensity from each candle. The following are the results 
which I obtained, but which, considering that the flame of a 
candle is at all times variable, can only be looked upon as ap- 
proximations to the average effect. As the numba* 18 indi- 
cates the distance in inches at which the wax candle wius 
jdaced fix>m the wall, so the number opposite eaich of the other 
candles shows the distance at which they severially produe^ 
a light equal to that from the wax candle. 
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Comtnon wax, - - - IB 

Tallow with flat wick composed of three cords, each 

containing 5 threads, - - 17 

Tallow with one wick, containing fM threads, 15 

Tallow with two wicks, each containing 6 threads, 18 

Tallow with three wicks, each containing 5 threads, 26J 

It has been ascertained by experiment, that the luminous 
effect is increased or diminished in proportion to the square 
of the distance ; therefore, if one body produces the same 
effect at the distance. of sixteen inches as another at twelve 
inches, the illuminating power is as nine to sixteen. This 
principle enables us to find out the comparative quantity of 
light emitted from each of these candles. But for our 
present purpose it is sufficient to say, that the candle with 
three wicks, containing in all fifteen threads, produces in 
burning the same effect at the distance of 26^ inches as that 
with two wicks, containing in both ten threads at the distance 
of 18 inches, and the same as that with one wick, containing 
twenty threads at the distance of 15 inches, and so with 
regard to the others. 

In endeavouring to ascertain the effect produced by dimi- 
nishing the size of the wick, using as before a wax candle as 
the standard, I obtained the following results : 

Wax, ----- 18 

Tallow with three wicks, each containing 5 threads, 16J 
Ditto, ditto, ditto, 4 threads, 23| 

Ditto, ditto, ditto, 3 threads, 21 J 

A circumstance which influences the illuminating effect, is 
the distance at which the wicks are apart from each other, as 
it increases till they are at the distance of a quarter of an inch, 
beyond which when five threads compose the wick, two flames 
are formed, but does not materially diminish at a distance of 
one-third of an inch, when the flames are completely separate. 
The most eligible distance would be a quarter of an inch, but 
as in burning they sometimes vary their position, approaching 
to or receding from each other, the distance of one-sixth of an 
inch is to be preferred, at which we may always obtain one 
flame from both. 
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. On endeavouring to ascertain the comparative quantity of 
light evolved from a given quantity of tallow, using a common 
tallow candle and one with two wicks, I found that when 
both are kept snuffed closely, there is but little differepce ; in 
one experiment the quantity of tallow consumed in h^lf an 
hour, care being taken during the time to keep the -flaipe in 
each equal, being of the 

Common tallow candle, - 68 grs. 

Candle with two wicks, - 66 grs. 

In another experiment the quantity consumed was the same 
in each. In another experiment I allowed both candles to 
burn without snuffing them, till the wick attained the length 
of an inch, in which state the consumption of tallow is not 
much different to that which takes place when they are kept 
of a moderate length. The result I obtained was as follows * 

Inches. 
Wax candle as before, - - - 18 

Tallow with two wicks, each containing 8 threads. 



when kept snuffed, ... 21 



Allowing it to remain unsnuffed. 

Common tallow candle with one wick, containing 
20 threads, when kept snuffed, • - 15 

Allowing it to remain unsnuffed, . . 71 

As these observations show that a candle with two wicks 
gives a light nearly equal to that of a wax candle, I shall en- 
deavour to point out some of those circumstances which re- 
quire attention in attempting to make it available for useful 
purposes. When each thread is not twisted separately, but 
the different threads are twisted together, each wick in burn- 
ing constantly changes its position, as occurs frequently in a 
spermaceti or wax candle, where the end of the wick points 
sometimes in one direction, sometimes in another, therefore 
the two wicks at one time recede from and at another 
aj^roach towards each other, or bend on different sides 
laterally ; but when each thread is twisted i^eparately, and the 
whole are then twisted together, strength is given to the wick, 
and it remains more steadily in one position. 

A certain number of threads is necessary for giving that 
strength which is required to keep the wick from bending. 
Though a sufficient degree of light may be obtained from twa 
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widks, e]ich cbtisistiDg of six or even three or four threads, 
such wicks becoming during the combustion soaked widi 
melted tallow, and the top becoming loaded with a depoidt of 
carbon soon bend, and the riays of caloric being direct^ too 
much upon the candle, melt the tallow tod fast, causing it to' 
waste* The wick therefore requires not less than 8 threads, 
the strength of which is sufficient to keep it upright till it 
reach the required length, when it bends and the extremity is 
gradually burnt off. * 

The extretnity of the wick of a common tallow candle in 
burning, continues in the centre of the flame bieyond the 
proper time, and receives such a deposit of carbon as to 
increase its size gredtly, and hence the light becomed di- 
minished at least one-half. This has been obviated in some 
measure by placing the candle in a position inclining from 
the perpendicular. But as the angle of inclination necessary 
to obviate the inconvenience is not less than 30^ the sugges- 
tion has been seldom adopted. One principal object I had in 
view in making the experiment now detailed, was to form a 
tallow candle, so that this advantage might be obtained more 
readily. As a tallow candle with two wicks gives nearly the 
same light as a wax candle, it seems better fitted for accomplish- 
ing this end than one with three wicks ; it was with it there- 
fore that my observations were made. I found that when 
placed exactly upright, sometimes the wieks either did not bend 
sufficiently soon, or inclined in opposite directions with regard 
to each other, and assumed a shape which was unpleasant to 
the eye. It seemed necessary on that account to give the 
candle a position somewhat inclined, and I found that an 
angle of not more than ten degrees was sufficient, the wicks 
being placed in a plane with each other, and 1 generally in 
lighting the candle gave it first a slight bend. With these 
arrangements I partially succeeded, such a candle placed in 
this manner, burning without requiring snuffing, and the 
Wicks when consisting of 8 or 10 threads possessing isdfficient 
strength to retain a straight form till they acquire sufficient 
length, when the extremity bends and is consumed. More 

* The cotton which I used was that sold in the shops for making the 
best mould tallow candles ; 8 threads form a wick about the thickness of 
Ihat of a common wax candle. 
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extensive and varied observations than I have been able to 
make are necessary to ascertain the comparative advantages 
and disadvantages which such a tallow candle possesses^ com- 
pared with a common tallow candle, so as to render it fit or 
unfit for use under peculiar circumstanced* I appri^hend, 
however, that though it may answer perfectly well when used 
in cold and temperate weather, and when there is no wind to 
affect the direction of the flame ; in hot weather or when the 
atmosphere is not still, it will be found apt to gutter ; for, on 
account of circumstances which further investigations are re- 
quired to explain satisfactorily, tallow is very liable, particu- 
larly in warm weather, to melt in too large quantity at the 
surface and to run down the sides of the candle. 



Art. XXI.--ANALYSIS OF SCIENTIFIC BOOKS AND ME- 
MOIRS. 

I.— JPf incip/ffj of Geology, being an attempt to explain the former changee of 
the Earth's Surface by reference to causes now in operation- By Chabi:,e8 
Lyxll^ Esq. F. R. S. Foreign Secretary to the Geological Society. In 
two volumes. Vol. L London, 1830. Pp. xv. and 511. 

Unsettled as is the present state of geology, ai)d prudent as may he the 
line most generally adopted in Britain since the establishment of the Geo- 
logical Society, of publishing researches upon individual classes of pheno- 
mena, rather than forming large and imperfect attempts at complete sys-* 
terns, we are not sorry to see an effort to embody the multifarious facts; 
which, during a long period, have been accumulating in the annually in- 
creasing piles of Transactions and periodical works ; more especially when 
undertaken by a man of the scientific character of Mr Lyell, and in the 
responsible situation which he holds* For some years, no work affecting 
to be \ complete geological manual (for we rather look upon the volume 
before us as a judicious compilation, than as a work of much originality,) has 
issued horn the British press, unless we should except one of recent date 
and of unbounded pretensions, which has been characterized by a distin- 
guished president of the Geological Society of London as a work *' in which 
the worst violations of philosophic rule, by the daring union of things in- 
congruous, have been adopted by the author from others, and at the samd 
time decorated by new fantasia of his own." Some better specimen of 
British talent was therefore desirable to do away the unfavourable impres- 
sion which might still attach to the national scientific character, even after the 
misty light shed by the '* New System*' in some comers of the speculative 
ivorld had been finally extinguished by the anathema of one of the first 
authorities in Europe. 
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We tarn, therefore, with pleasure to a work having the reoommendatkm^ 
of great sound sense, industry in compilation, and a pleasing and generally 
perspicuous style in execution. We are, however, of opinion that it ought 
not to have appeared without the second volume ; which, indeed, we can 
hardly suppose will he sufficient to contain the remainder of this most ex* 
tensive suhject on the same scale of fulness of illustiation with the bulky 
introductory one "before us. Mr Lyell's arrangement also appears to ua a 
faulty one. Geology is a science which ought to be, and in fact must even- 
tually be, .treated analytically. Mr L. attempts to treat it synthetically* 
and the greater part of this volume is occupied, after assuming an hypothe- 
sis, with collecting data and postulates for constructing his propositions ; 
and almost the whole application to phenomena is left to the latter portiott 
of his work. He ought first to have described the features of the crust of 
the globe, and frona the natural facts they present, deduced the probability 
of one assumption in preference to all others ; then developing the results 
of this hypothesis, descended again to phenomena, and proved the agree- 
ment which he asserts. Now in this first volume, he prevents the reader 
(unless he be previously acquainted with the subject) from doing any thing 
but following him ; he treats opinions with which he does not agree as un« 
founded dc^mas, and directs the mind almost exclusively to those facts 
which bear upon his particular views; indeed, how could he do otherwise, 
unless by stating at the commencement the actual appearances of the crust 
of the earth, unconnected with any theory whatever ? But this would be 
the analytical method. The other principal fault which we consider runs 
through the work, and is connected with the former, is an appearance of 
prepossession in favour of a theory almost unavoidable fVom the arrange- 
ment adopted, which induces him to dwell quite disproportionately upon 
effects confirmatory of his system, and to pass lightly over its difficulties ; 
which are intended, we presume, to be stated more fully in order to refuta^ 
tion, in the ensuiog volume. 

The arrangement of Mr Lyell's plan, so far as it is contained in the 
present portion of his work, appears to be the following :— After stating the 
objects of the legitimate science of geology, he gives a rapid sketch of its 
history, and then, in a chapter on the causes which have retarded its pro- 
gress, brings forward his assumption, which the remainder of the work is 
intended to prove, that causes at present in operation are sufficient to ac- 
count for the whole phenomena of structure observable in the strata of our 
globe, provided sufficient time be allowed. Foreseeing that the testimony 
of organic remains, so strongly indicative of a change of climate since the 
larger part of the crust of the earth was deposited^ would be most apt to 
occur as a contradiction to his hypothesis, he dips into the chapter of 
phenomena, and selects this, and this alone, for confutation. He endea^- 
vours to prove that the change of climate is referrible to causes at present 
active. He then assaults the argument which the proofs of the former ob- 
jection raised up, that the types of organization in the animal and vege- 
table kingdom have distinctly and undeniably changed ; and here again 
from his mode of arrangement, his argument on this important subject is 
left incomplete, and the greater part of it deferred to another portion of the 
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ymntk. He <lirows down at once, with an abruptness little short of the at 
cathedrdjiat, the entire theory of the progressive advancement in organiza- 
tiop of fossil remains, as we ascend through the strata from the old^ 
deposits to the uppermost or latest, and thence infers, that no change m. 
the laws of nature can be argued from a mere change in the species which 
now inhabit the waters and the land. Finally, he denies any ailment 
derived ftoai the recent appearance of man, which he reconciles to the 
hypothesis, by calling in the aid of metaphysical reasoning, now rather 
an exploded instrument in geological inquiry. Mr Lyell next divides 
the changes at present going forward » as they affect the organic and inor« 
ganic world ; and the remainder of the volume is occupied by the con- 
nderation of the latter, which he divides into aqueoup and igneous, the 
discussion of which forms, we think, by much the happiest part of the 
work, and, if placed in rather too prominent a view, is a least both instruc* 
tive and interesting. 

After this general outline of the contents of the volume> we shall pro- 
ceed to notice some parts of it more particularly, and make several extracts. 
The limits to which we chance to be confined in this Number^ will not 
permit us to do more than commence our remarks, which will be conclud- 
ed in a second notice in our ensuing Number. 

We shall not enter upon the subject of the history of geology, contained 
in the first chapter of the work : We will only say that Mr Lyell appears', 
in some instances to have allowed his theoretical opinions to detract too 
much from the real merits of his opponents, and perhaps is too solicitous 
to gather from the loose speculations of older geologists, the germs of all 
that does most honour to the modem progress of the science. It would 
be strange, if among vast masses of hypothetical errors^ were not to be 
found some guesses at truth ; and we have only to consult the ingenious 
works of Dutens, to see how easy it is to assert plausibly, that Newton, 
Locke, and Galileo, were only plagiarists from Pythagoras,. Aristotle, and 
Ptolemy. Mr Lyell supports, on the whole, the Huttoniau theory, though 
he will not admit the introduction of new agents, or even the greater magni- 
tude of existing ones in the formation of the strata, and gives to his pre- 
decessors much of the merit usually assigned to Hutton. The progress of 
geol<^ of late years is next duly noticed, though perhaps the following is 
hardly an impartial picture of its present state. 

" When we compare the result of observations in the last thirty yeara 
with those of the three preceding centuries, we cannot but look forward 
with the most sai^uine expectations to the degree of excellence to which 
geology may be carried, even by the labours of the present generation. 
Never, perhaps, did any science, with the exception of astronomy, unfold, 
in an equally brief period, so many novel and unexpected truths, and 
overturn so many preconceived opinions. The senses had for ages declar- 
ed the earth to be at rest, until the astronomer taught that it was carried 
through space with inconceivable rapidity. In like manner was the sur- 
face of this planet regarded as having remained unaltered since its creation,, 
until the geologist proved that it had been the theatre of reiterated change, 
and was still the subject of slow but never ending fluctuations. The dis-^ 
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coT^ of other aytems in the boundless r^iions of space was the triumpli 
of astronomy— to trace the same system through various transfimnationft— 
to behold it at successive eras adorned with different hills and vaUeya, 
lakes and seas, And peopled with new inhabitants, was the delightful meed 
of geological research. By the geometer were measured the regions of 
space, and the relative distances of the heavenly bodies— by the geologist 
myriads of ages were reckoned, not by arithmetical computation, but by a 
train of physical events — a succession of phenomena in the animate and. 
inanimate worlds— signs which convey to our minds more definite ideaa 
than figures can do, of the immensity of time." P. 73. 
- Perhaps the science was never more unsettled than at this moment^ but. 
it is in diat species of confusion which betokens the resolution to lay tlie 
fbundations of it on a firmer basis, and so far it bears a promising as- 
- pect ; yet year after year we see propositions, once considered the most un- 
doubted, confilted by the pr(^ess of careful research, and we are some- 
times almost tempted to doubt the existence of fixed principles at all. 
But the time has passed when genuine philosophers are content to gloss 
over obstinate facts in order to obtain a short cut to ultimate condusioBs* 
and the volumes of the Geological Transactions contain a mass of laborioua-i 
ly gleaned facts, which, however contradictory or perplexing they may 
often appear, will at last, we may hope, settle down into a firm basis for 
a superstructure to be raised by strict induction. Be it ever remembered^ 
that the anomalies which seemed to threaten the very existence of the New- 
tonian system of the universe, finally, supported it by the most irrefraga- 
ble of all testimony. 

In discussing causes which have retarded the progress of the science, 
Mr Lyell considers the rehictance to admit a sufficiently long tract of time, 
for the accomplishment of geological revolutions, the greatest. The fcA* 
lowing is one of the most plausible points of view in which he placed this 
fundamental opinion. 

'' One consequence of undervaluing greatly the quantity of past time 
is the apparent coincidence which it occasions of events necessarily dis- 
connected, or which are so unusual, that it would be inconsistent with all 
calculation of chances to iiupppse them to happen at one and the same 
time. When the unlooked for association of such rare phenomena is wit-. 
nessed in the present course of nature, it scarcely ever fails to excite » 
suspicion of the preternatural in those minds which are not firmly con- 
vinced of the uniform agency of secondary causes ;— 4ui if the death oi 
some individual in whose fate they are interested, happens to be accom- 
panied by the appearance of a luminous meteor, or a comet, or the 
diock of an earthquake. It would be only necessary to multiply sucb 
coincidences indefinitely, and the mind of every philosopher would be dis- 
turbed. Now it would be difficult to exaggerate the number of physical 
events, many of them most rare and unconnected in their nature^ which 
were imagined by the Woodwardian hypothesis to have happened in the 
course of a few months; and numerous other examples might be found 
of popular geological theories, which require us to imagine that a long 
succession of events happened in a brief and almost momentary period." P. 80 



Here our author^ seeing the dJffiouhies which mast he opposed to'hk 
idea of the fbnnation of strata hy mere aqueous degradation, hrings in the 
undeniahle &ct of the uniformity of arrangement in the strataof the whole 
glohe^ (of whieb^ howeTer, he has yet given no exposition^ without which 
the reader ought to he supposed ignorant of the fact ;) and proceeds to rid 
himiself of this difficulty* 

" When it waa imi^ned that sedimentary raixttires^ including animal 
and vegetable remains, and evidently formed in the beds of ancient seas^' 
were of homogeneous nature throughout a whole hemisphere; or even fur- 
ther, the dogma precluded at once all hope of recc^izing the slightest 
anal(^ between the ancient and modern causes of decay and reproduc- 
tion.- For we know that existing rivers carry down from different moun- 
tain-chains sediment of distinct colours and composition ; where the 
chains are near the sea^ coarse sand and gravel is swept in ; where they 
are distant, the finest mud. We know, also^ that the matter introduced 
by springs into lakes and seas is very diversified iii mineral composition ; 
in short, contemporaneous strata now in the progress of formation are 
greatly varied in their composition, and could never affi>rd formations of 
homogeneous mineral ingredients co-extensive with the greater part of the 
earih's surface. This theory, however, is as inapplicable to the efibcts of 
those operations to which the formation of the earth's crust is due, as to the 
efietts of existing causes. The first investigators of sedimentary rocks had 
never reflected on the great areas occupied by modern deltas of lai'ge 
rivers ; still less on the much greater areas over which marine currents, 
preying alike on river-deltas, and continuous lines of sea-coast, might be 
difi\ising homogeneous mixtures. They were ignorant of the vast spaced 
over which calcareous and other mineral springs abound upon the land 
and in the sea, especially in and near volcanic regions, and of the quantity 
of matter discharged by them. When, therefore, they ascertained the ex- 
tent of the geographical distribution of certain groups of ancient strata-^ 
when they traced them continuoiisly from one extremity of Europe to the 
other, and found them flanking, throughout their entire range, great 
mountain- chains, they were astonished at so unexpected a discovery ; and, 
eonsidering themselves at liberty to disregard all modern analogy, they in- 
dulged in the sweeping generalization, that the law of continuity prevailed 
throughout strata of contemporaneous origin over the whole planet. The 
difficulty of dissipating this delusion was extreme, becatise some rocks, 
formed under similar circumstances at different epochs, present the same 
external characters, and often the same internal composition; and all 
these were assumed to be contemporaneous until the contrary could be 
shown, which, in the absence of evidence derived from direct superposi- 
tion, and in the scarcity of organic remains, was often impossible."—- Pp. 
W, 91. 

Here Mr Lyell seems fairly to entrench himself in his deltas and defy at- 
tack, and while he enlarges on the great absolute n^agnitude of these modern 
deposits, upon which, as we shall afterwards see, he collects many inte^ 
resting particulars, he forgets, and would have the reader forget, their re* 
htive insignificance when compared to the continental masses which he con- 
ceives to have had a similar formation ;— hk) insignificant indeed that none 
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of them are more than specks in the map of the worlds and yet these are 
the produce of the continued action of 6000 years* We know not whether 
it is boldest to call into the aid of a theory> powers of mechanical action 
greatly surpassing those at present witnessed in the economy of nature, or 
periods of time almost transcending our powers of conception ; our au« 
thor seems to think the latter no assumption at all, imd the former an un- 
warrantable one ; but we do not see this difference, and we are mudi dis- 
posed to agree with those distinguished writers who consider the fi>rmer 
hypothesis, when applied to conformations, so universal as the superposi- 
tion of rocks, at least as plausible as the latter. 

In the sixth chapter Mr Lyell proceeds to prove that a change of dimate 
has taken place in high latitudes, by a reduction of temperature, since the 
older strata were deposited, — a position so generally, (though not universal- 
ly,) admitted, that we shall not dwell upon it. In the succeeding chap- 
ters he attempts to show that such a change might be accounted for on 
simply physical principles. Considerable details are entered into to show 
that the existence of land, and especially high land, in nordiem latitudes, 
tends to the refrigeration of the zones betwixt them and the equator, — a 
fact sufficiently illustrated by the great decrement of temperature in the 
vast tracts of North America and Siberia, below that of the corresponding 
latitudes in Europe and other countries, where an equilibrium is assisted 
by the maritime situation ; therefore it is conceived that the amount of 
land in high latitudes is the proper index to the climate. ^* It next re^ 
mains for us," says Mr Lyell, ** to inquire whether the alterations which 
the geologist can prove to have actually taken place at former periods in 
the northern hemisphere, coincide in their nature, and the time of their 
occurrence, with such revolutions in climate as would naturally have fol- 
lowed, according to the meteorological principles already explained." It 
is impossible for us to follow Mr Lyell through this rather intricate chap- 
ter, or to point out what we consider the weak points of his argument, but 
we will give some of his deductions in bis own words. ^' We may ob- 
serve, that although geologists have neglected to point out the relation of 
changes in the configuration of the earth's surface with fluctuations in 
general temperature, they do not dispute the fact, that the sea covered the 
r^ions where a great part of the land in Europe is now placed, untfl after 
the period when the newer groups of secondary rocks were formed. There 
is, therefore, confessedly a marked coincidence in point of time between 
the greatest alteration in climate and the principal revolution in the phy- 
sical geography of the northern hemisphere. It is very probable that the 
abruptness of the transition from the organic remains of the secondary to 
those of the tertiary epoch, may not be wholly ascribable to the present de-> 
ficiency of our information. We shall doubtless hereafter discover many 
intermediate gradations, (and one of these may be recognized in the calca- 
reous beds of Maestricht,) by which a passage was effected from one state 
of things to another ; but it is not impossible that the interval between the 
chalk and tertiary formations constituted an era in the earth's hiaUsy* 
when the passage from one class of organic beings to another was^ com- 
paratively speaking, rapid. For if the doctrines explained by us in r^gnd 
to Ticissitudes of temperature are sound, it will follow that changes of 
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equal magnitude in the geographical features of the glohe> may at different 
periods produce very unequal efibcts on climate> and, so far as the exists 
«Dce of certain animals and plants depends on climate^ the duration of spe- 
cies may often he shortened or protracted, according to the rate at which 
4he change in temperature proceeded." — P. 139» It is, however, impossible 
not to remark, that, notwithstanding the manifold elevations which appear 
to have taken place hetween the deposition of the. mountain limestone and 
the Maestricht deposit above chalk, the corallines of the one, and the fos* 
sil tiu-tles of the other, point equally to a tropical temperature. The 
change in the conformation of organic remains, as indicative of temperature, 
seems abrupt, and confined to the newest formations.* How far Mr Lyell'a 
deductions on this curious subject may be adopted by geologists we are 
doubtftil, but they deserve the credit of being striking and ingenious spe- 
culations. 
In our next Number we shall meet Mr Lyell on less debateableground, and 
^ hope tomake more extended and popular extracts from his interesting volume. 

II.— 2%e Elements of Experimental Ckemistry, By William Henry, 
M* D., F. R. S. &c« &c. The Eleventh £;dition, comprehending all the 
recent Discoveries^ &c In two Volumes. I«ondon, 1839. With plates 
and Engravings on Wood. 

Frou this new edition of Dr Henry's system of chemistry, we extract 
the following recommendation, which is addressed to the notice of learned 
Societies* ** The great laws of combination in definite and in multiple pro- 
portions, on which the Atomic Theory mainly rests, have, more especi- 
ally, derived increased support from the accumulated mass of evidence. 
In too many instances, it must be acknowledged, we have not, even yet, 
attained all the precision that is desirable^ as to the true proportions in 
which bodies combine. Nor can we arrive at this degree of certainty, un- 
til the relative weights of some of the elementary gases have been deter*- 
mined, with the aid of the most refined instruments, and with the most 
elaborate and scrupulous correctness. It were to be wished, indeed, that 
-this should be attempted under the auspices of some one of those learned 
societies, which have been instituted for the promotion of science ; and that 
the investigation should be confided to a commission of its members, whose 
skill, experience, and fidelity, would be a pledge for the accuracy of the re- 
sults. The precise admeasurement of an arc of the meridian was not more 
important to astronomical truth, than the exact determination of the spe- 
cific gravities of the elementary gases is to chemical philosophy." 

With the importance of the foregoing observation we concur ; and should 
be proud if the chief philosophical institution of our Scottish metropolis 
wouM take the lead in putting into execution so desirable an object. 

In the prefiice, the author has alluded to the deep loss which the scien* 
tlfic world has sustained by the death of Sir Humphry Davy and Dr Wol- 
laston, in a joint eulogium upon these two distinguished philosophers, 
irhich is characterized no less by its just discrimination of their respective 
excellencies, than by its forcible eloquence: *' It is impossible" says Dr Henry 

* Of this Mr Lyell has himself fiimished evidence in reference to some of the 
Subapennine formations in his Sixth Chapter. 
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** to direct our yieWs to the fiiture improvemait of thik wide fidd of sdenoe^ 
without deeply lamenting the prfyation^ which we have lately austaiDed, <^ 
•two of its moat successful cultivators. Sir Humphry Davy and Dr WoUaa- 
tim,— at a period of life, too, when it seemed reaaonahle to have expected, 
fh>m each of them; a much, longer contit)uance of hia invaloaUe laboum 
-To those high gifts of nature, which are the characteristics of g^iiua, and 
wfaidi constitute its very essence, both llioae eminent men united an un- 
wearied induatry and zeal, and research, and hahits of ac6nrat^ reasoning, 
without which even the enei^es of genius are inadequate to the achieve 
ment of great sdentiAc designs. With these eKceUencies, common to both, 
they wcEe' nevertheless distinguishable by marked intellectttal peculiarities. 
Bold, ardent, and efnfhusiastic, Davy soared to greater heights ; he odra* 
mended a wider horison; and his keen vision penetrated to its utmost 
boundaries. His imagination, in the highest degree fertile and inventiinev 
took a rapid and extensive range in pursuit of oonjectiiral analogies, which 
be anbmitted to close and patient comparison witli known facts, and tried 
by an appeal to ingenious and conclusive experiments. He was imbued 
with the spirit, and was a master in the practice, of the inductive Idgic-; 
and he has lefl us some of the noblest examples of the ^cacy of that great 
Instrument of human reason in the discovery of truth. He applied it, not 
only to connect classes of facts of more limited extent and importance, but 
to devel(^ great and comprehensive laws, which embrace phenomena. Chat 
are almost universal to the natural world. In exphuning thoee laws» he 
cast upon them the illumination of his own clear and vivid conceptidiift ;*— 
hefidt an intense admiration of the beauty, order, and harmony, whicii are 
con^iionous in the per&ct Chemistry of NaiuaE;'— and he express 
iboae feelings with a force of eloquence, which could issue only &om a 
mind of the highest powers, and of the finest sensibilitiea. With much 
•less enthusiasm fiiom temiierament, Dr WoUaston was endowed with bodi- 
ly srases of extraordinary acuteness and accuracy, and with great g^eral 
vigour of understanding. Tramed in the discipline of the exact sciences, 
he had acquired a powerful command over his attention, and had habitn*- 
ated himseif to the most rigid correctness, both of thought and of language. 
He was sufficiently provided with the resources of the matbematios, to been^ 
abled to pursue, with success, profound enquiries in mechanical and optical 
philosophy, the results of which enabled him to unfold the causes of phe>- 
nomena, not before understood, and to enrich the arts, connected with fthaae 
sciences, by the invention of ingenious and valuable instruments. In Ca E* 
MiSTRY, he was distinguished by the extreme nicety and delicacy of his 
observations ; by the quickness and precision, with which he marked re- 
«emUanoes and discriminated differences; the sagacity with which he de> 
vised experiments, and anticipated their results ; and the skill. With which 
be executed the analysis of fragments a£ new substances, often so mjnute 
as to be scarcely perceptible by ordinary eyes. He was remarkabler to^. 
Soft the caution, with which he advasused from facta to genenal concluMaoa; 
a cau/tion which, if it sometimes prevented him from reaching at once fo 
the most sublime truths, yet rendered every step of his aseettt a ae^uis ata- 
tion, from which it was easy to rise to higher and more enlarged inductions. 
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^us tlwfie illitstridus men^ Uieugh difibring eseentially in their nataral 
powers and acquired habits, and moving^ independently of each other, in 
diHerent paths, contributed to aceomplish the same great ends — the evolv- 
teg new elements ; the combining matter into new forms ; the increase of 
buman happiness by the improvement of the arts of civilized life; and the 
establishment of general laws, that wiU serve to guide other philosophers 
onwards, through vast and unexplored regions of scientific discovery." 

The foregoing interesting extracts ^m the new edition of Dr Henr/s 
chemistry are sufficient. To enter into an analysis of such a well known 
standard work as this, proceeding &om the pen of one wl^o ranks among 
the most eminent chemical philosophers of the day, would indeed be a su- 
perfluous task. We remember many years ago, in a very .different chemi- 
cal era to the present, when the first edition <^ this work appeared under 
the unpretending form of a duodecimo vohime, intended as a manual for 
the eiq>erimental student. From this time, Dr Henry has been an unre- 
mitting labourer in the field of sdenoe, and as his work in its successive 
editions has kept a regular pace with the advances of chemical knowledge, 
to wikidi he has himse^ been so disttnguished a contributor, the eleventh 
•edition now appears before the public in a very enlarged and ample 
form, containing a store of infermation, the selection and arrangement 
of which cannot be too highly rated. In short, Dr Henry is to be 
esteemed as an author, who has always been «an industrious collector of fiicts, 
and an accurate reasoner ; avoiding premature speculations, and strenu- 
ous for the rigid canons «f inductive philosophy* For this reason, his vo- 
lumes may be recommended as amcmg the most useM and the safest whieh 
.can be entrusted to the hands of the student 
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I. Proceedings of the Royal Sodeiy of Edinburgh. 

Mnrch 15, 1830. — The following communications were read : — 

1. Dr Kirox conduded the Second Part of his paper on Hermaphroditi- 
cal Appearances. 

S. Dr Christison read a paper entitled, *' An Experimental Inqtdry into 
certain doubtful points in the Physiology of the Blood and Respiration. 
Part I. On the Mutual Action of the Blood and Atmospheric Air." 

April 5. The foUowing Gentlemen were duly elected Ordinary Mem- 
bers of the Society :— 

The Hon. Mounstuakt Elfhikstoke. 

James Syme, Esq. 

Thomas Brown Esq. of Langfine. 

Dr Gregory read the translation of a paper, entitled, '* On the Me- 
chanism by which the Modulation of the Human Voice is affected in 
Singing.*' By Francisco Bennati. M. D. of the Universities of Padua 
and Pavia. 

'Apnt M.— The foltofwing communications were read : — 
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i. Account of observations made in Scotland on the Diatributicm of the 
Magnetic Inten8ity> by Mr Dunlop. 

2. A notice regarding a method of producing Continuous Motion in the 
circumference of a. Ellipse, with its application to the construction of an 
EUiptograph. By Professor Wallace. An Elliptograph and a Cometarium 
were exhibited. 

S» Proceedings of the Society for the Rncouragement of the Usejul Arts in 

Scotland. 

The following communications have been read and exhibited to the 
Society since 17th Feb. 1830: — 

March 3, 1830. — 1. A Model and Description of a Cart to be propelled 
by levers and cranks^ acted on by the weight and force of one man» without 
a horse. By William Allan, Momtngside. 

2. Description of a Slow Motion for the beam compass* By Mr Ed w au> 
Sano» teacher of mathematics, Edinburgh, M. S. A. . 

March 17. — 1. An account of the latest improvements in the turning- 
lathe, including the slide-rest, and apparatus for drill«.tumiog ; as also an 
accoimt of the planing-engine and apparatus, with engravings. Communi- 
cated by John Robison, Esq. Sec. R. S. E. and M. S. A. 

2 Drawing and description (as amended) of a simple, cheap» and accurate 
rain-gage. By Matthew Adam, A. M. Rector of the Academy of Inverness 
4Uid Assoc. S. Arts. See this Vol. p. 53. 

3. Description of a Pendulum Chronometer, in which the arbors of the 
wheels move on friction rollers, and the pinion leaves are made so as to re- 
volve by the impulse of the wheel teeth, which are of a peculiar fonn. 
Made by Davip Whitelaw, watch and clock-maker, 16, Prince's Street. 
Edinburgh, for the late Andrew Waddell, Esq. Hermitage Hill, Leith. 
Communicated by the late Mr Waddell. 

March 31. — 1. Observations on the application of heated air to the 
warming of dwelling-houses and of churches, hospitals, and other public 
buildings ; with remarks on various kinds of stoves used for this purpose. 
By Mr Robert Ritchie, ironmonger to his Majesty, High Street, Edin- 
burgh. Models of the stoves, &c. were exhibited. 

9, Description of an improved levelling rod. By Mr James Flint, 
civil engineer, Terrace, Edinburgh. The rod was exhibited. 

3. Additional observations on safety windows for upper stories of houses. 
By Thomas Johnston, ink-manu&cturer, Glasgow. 

April, 14. — 1. Remarks on the Eidograph, Pentagraph, &c. were read. 
By Mr Professor Wallace, F. R. S. E. and M. S. A. The instruments were 
exhibited. 

2. Notices of various plans of applying heat, either by common fire places, 
or by steam apparatus, were communicated by Mr Robert. Ritchi^, iron- 
monger to his Majesty, High Street, Edinburgh. Models of various stoves, 
&c. and of a drying house were exhibited. 

3. Notice of an apparatus for facilitating the making of infusions by hot 
water, and particularly from coflfee. By John Robison, Esq. Sec R. S. E. 
and M. S. A. 



Cambridge Phibmphkal Society. 355 

George Bdackillop, Esq. Aindie Place, and Mr Adam Wilson, smith, 
' Mifit, were adtnitted Ordinary Members. 

April. 88.— 1. Notice resjiecting Mr Cuthbert's EUiptic Metals for Re- 
fleeting Microscopes. Communicated" by Dr Brewster, F. R. S. E, and 
M. 8. A. See this Journal, No. iv. p. 321. 

«. Investigation of the Spherical Abberration of a Diamond Lens. By 
Mr Andrew Pritdiard, London, Hon. M. S. A. for Scotland. Communi- 
cated by Dr Brewster, F. R. S. E. and M. S. A. See No. iv. p.' 31 7. 

3. Description of the improvements on the common mortice lock. By 
' Mr James Williamson, Melrose, Assoc. Soc Arts. The Lock was ex- 
hibited. 

4. Description of a method of destroying Vermin on Fruit Trees, Bugs, 
&c. by means of Steam. By James Grieve copper-smith and brazier, 20 
Greenside Place, Edinburgh, The apparatus was exhibited. 

5. Notice regarding the improved steam and indicator and oil test. By 
John M'Naught, engineer, Glasgow. 

6. Memorial on the construction of Chunnies, so as to prevent Smoke. 
By Alexander MoUison, Englinton Street, Glasgow. 

7; Notice of a Swiss Lock, of neat, simple, and efficient construction, 
made by Mr CormacK, smith, Chalmers's Close, for and presented to the 
Sbdety by Sur ALMAimiit Muie Mackenzie of Delvine, Bart. The 
lock was exhibited. 

Sir Alexandbr Muie Mackenzie of Delvine, Bart, was addmitted an 
Ordinary Member. 

The 6>llowing donations were laid on the table, viz. — 

1. Microscopic illustratibns. By C. R. Goring, M, D, and Andrew 
Pritchard, Hon. M. Soc Arts for Scotland; with Coloured Engravings. 
Presented to the Society of Arts by Mr Pritchard. 

2. Plans for the floating otf of stranded vessels, and for raising those 
that have foundered ; with an improved method of carrying vessels over 
banks in shallow water. By John Milne, teacher of ardiitectural and 
mechanical drmwing, Edinburgh, and Curator Soc. of Arts for Scotland. 
Presented by the Author. 

3 Proceedings of the Cambridge Philosophical Society. 

March 22, 1830.— The ReV. Professor Sedgwick, Vice-President in the 
chair. A notice by Mr Miller of St John's was read, on the measurements 
of certain crystals found in the slags of furnaces at Merthyr Tydvil and at 
Birmingham. The form and angles of these crystals were ascertained to 
be the same as those of olivine : 'and agree therefore with those of crystals 
found by Prof. Mitscherlich in the forges of Sweden and Germany. 

Mr Coddington gave a further explanation of the construction of his 
newly-invented microscope, and of the superiority of its performance, which 
was shown by a comparison with a large microscope on the usual construc- 
tion made by DoUond. See this volume, p. 165. 

A paper by H. K. Cankrien, Esq. of Trin. Coll. was also read, " on the 
calculus of variations." 

KEW SEEIES, vol. III. NO. II. OCTOBER 1830. 2 
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After the meeting, Mr Willis gave an account, illustrated by models and 
drawings, of the various organs which compose the appai^tus of deglutitiDn 
and vocalisation. He explained in particular the various muscles of the 
palate, pharynx, and tongue ; and the forms which these parts assume in 
the course of their various functions, were ei^hibited as drawn from actual 
.measurement. Mr Willis further explained the, distinction of the parts 
which are employed in producing the musical note of the voice, and those 
which determine its vowel quality. 

April 25. — llie Rev. Professor Sedgwick in the chair. Among other 
presents laid before the society,, was a collection of the eggs of British bixds, 
thegiftofMr Yarrell. 

The Rev. L. Jenyns read a communication on the sulgect. of the late 
severe winter. 

The Rev. H. Coddington read a memoir on the subject of his improved 

. microscope, which was again exhibited and tried on several of the usual 

test objects, (striated scales or feathers of different butterflies and moths,) 

Professor Whewell made some observations on the proof of the first law 
of motion. 

After the meeting. Professor Whewell gave an account of the arguments 
. brought forward by the. German writers who rgect the Newtonian theory 
. of optics, and of the doctrines on this subject propounded by the celebrated 
Groethe. 

It has been very common of late years, among German writers to speak 
of the Newtonian doctrine of the separation of white light into colours by 
refraction, as of a system which is palpably and even, ridiculously false ; 
retained only through the influence of tiie most perverse blindness and pre- 
judice ; and rejected by all persons of philosophic views. A difierent 
theory has been maintained by the celebrated Goethe in his " Farben- 
lehre," and has met with very considerable success in his own country. 
The confident and triumphant manner in which the advocates of the new 
system are in the habit of speaking, is calculated to excite some curiouty 
.as to their arguments in the minds of those who have been, accustomed to 
consider the Newtonian principles as established upon an unimpeachable 
series of inferences from experiment. 

Groethe has criticised, page by page, a great part .of Newton's Optics, 
and brings against the author charges, which are perpetually repeated by 
other writers, of mis-stating and misinterpreting his experiments, of con- 
founding simple and complex phenomena, and even of bad faith. The 
main argument, however, is, that the asserted separation of white light by 
the prism never takes place except at the boundary of a bright surfiice ; 
and that, therefore, darkness as well as light is requisite for the produc- 
tion of the coloured image. The colours, it is maintained, are always a 
fringe to the image, and prove no difference of refrangibility in the rays of 
light. 

Groethe's theory of the cause of the coloured borders produced by a prism 
may be stated as follows : 1° Light seen through a dim transparent medium 
appears yellow, orange, and red, according to the thickness and transpa- 
rency of the medium I'^arkness seen through a similar medium, dibits 
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in a similar succession^ Uue and violet tints. 2° When refiractibn takes 
place, the principal image is accompanied hy an accessory image, {" neben- 
bild/') which is near and similar to the principal image, but is carried 
farther thaii that is in the direction of the refraction. 3° This accessory 
image beitig but, as it were, half an image, toay be looked upon as a dim 
transparent medium, such as is mentioned in 1°. 4° Hence, at that end of 
the bright image which is foremost in the direction of the refraction, the 
accessory image will encroach upon the dark surrounding space, and will 
produce blue and violet, as in 1^, at the other extremity of Uie image, the 
accessory image will be drawn ova- part of the bright image, and will pro- 
duce red and yellow. Hence we have a border blue and so forth at one 
end, and a yellow rim at the other, of a bright object when refracted. &'^ 
The green in the middle of the spectrum is produced by the mixture of 
the yellow of one end, with the blue of the other, when the image is of such 
a size as to allow them to coincide. 

It was not considered necessary to compare the two theories, or to make 
any remarks on the above arguments against the Newtonian reasonings. 

May 10. — Dr F. Thackeray, the Treasurer, in the chair. Various addi- 
tions to the Society's collection of British birds, presented by the Rev. L. 
Jenyns, and some specimens of insects, presented by Mr Dale, were laid 
before the meeting. 

A paper by T. W. Chevalier, Esq. on the Anatomy and Physiology of 
the £ar, was read. 

After the meeting, Professor Gumming exhibited and gave an account 
of some philosophical instruments which have recently been invented or 
improved. He described 'the contrivance proposed by Professor Leslie for 
measuring the specific gravity of powders ; and pointed out the resemblance 
between the instrument on this account termed a koniomeier, and the ste^ 
reometer invented by M • Say in 1797. Prof. Gumming explained also a me« 
thod of applying a similar process in a more convenient and compendious 
manner by means of the air-pump. An account was likewise given of the 
apparatus of Mr Meikle, for comparing the specific gravities of two fluids ; 
and an improvement in its construction pointed out. 

Professor Gumming exhibited to the members an instrument, the object 
of which is to measure the total effect of the whole sunshine which occurs 
in the course of a given day or any other time. 



AftT. XXIII.— SGIENTIFIG JNTELLIGEKCE. 

I. NATURAL PHILOSOPHY. 
MAGNETISM. 

1. On the production of Magnetism by Friction, By M. Haldat— 
Friction has been long known to be capable of producing magnetism, but 
it was not supposed to be efficacious, unless upon iron either magnetised or 
in a neutral state. M. Haldat of Nancy has, however, found that all hard 
bodies may, by means of friction, assist in the decomposition of the mag- 
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netic fluids if their actiou is promoted by the combined action of magnets, 
which, by them^lves, are incapable of producing it. • To prove tfais^ take 
t piece of soft iron wire, a decimeter long, (about 4 inches,) and a milli- 
meter (l-25th of an inch) in diameter. If this wire is placed horizontally 
between two bar magnets, with their opposite poles fiicing one another, 
and at such a distance that it cannot be magnetised, it will receive distinct 
magnetism by friction with all hard bodies, such as copper, brass, zinc, 
f^lass, hard woods, &x»^^Ann. de Chim. torn. xlii. p. 41 . 

II. CHEMISTRY. 

2. Mineral JTefTTte^.-^The composition of mineral kermes, as determinetl 
by Berzelius and Rose, in accordance with Philips, has lately been called in 
question by the French chemists. According to the former chemists, it is 
exactly the same substance as the common native sulphuret of antifnony. 
Robiquet, Buchner, and Henry Junior, who found it to contain oxide of 
antimony, have been joined by Ga'y-Lussac, who says, {^An. de Chim, ti de 
Phys, xUi. p. 87.) that, when heated with hydrogen gas, it gives off water, 
and that it is in fact a compound of 1 atom oxide of antimony +2 sulphuret 
of antimony. Rose has therefore repeated his experiments (Poggendorff 's^in- 
nalen, xvii. 324.) with his former results. He prepared his kermes by boil- 
ing carbonate of soda on the common sulphuret of antimony, filtering, set- 
ting aside to cool, filtering again in half an hour to collect the precipitate, 
drying it well on bibulous paper, and afterwards by a gentle heat till it 
ceased to lose weight. He fbund the kermes thas prepared to give no water 
in a current of hydrogen gas, but to leave 72-71 per cent, of metallic anti- 
mony. His former analysis gave 72.32 per cent., and Berzelius found in 
the common sulphuret 72.77 per cent. The residual liquid, according to 
Rose, after some hours, becomes troubled, and deposits a white sediment^ 
being oxide of antimony combined with soda. If the kermes be not filtered 
soon after its deposition, it will thus be contaminated both with oxide of an- 
timony and with alkali, — and this is probably the source of the oxide fbund 
by the French chemists. Since no carbonic acid is evolved during the pre- 
paration of the kermes by this process, all that takes place is a mere solu- 
tion of the sulphuret of antimony in the carbonated alkalies. 

3. Phosphuret &f Sulphur, —Wheik theproto-chloride of phosphorus is ex- 
posed in like manner to the action of sulphuretted hydrogen — ^heat is 
evolved, and there is formed a solid yellow substance without any apparent 
crystalline form, and adhering strongly to the glass. This is a phosphu- 
ret of sulphur. At common temperatures it decomposes water, and at 
length disappears in it, forming sulphuretted hydrogen and phosphoric 
acid. Its atomic constitution is probably * 

2 atoms phosphorus + 3 atoms sulphur. 

Our readers will remember that Faraday and Mitscherlich have described 
another compound of these elements, consisting of 

2 atoms phosphorus + 1 atom sulphur. 
* An.de Ckim, et de Phya. xlii. p. 25. 



4. Chloridei, Iodides, and Bromides pf jSj^dnim,— The bromides a^d io- 
dides of aodium crystallize from their solutions at common temperatures with 
water of crystallsiation— common salt first at a temperature several degrees 
(14^ to 17° Fafar.) bdow the freezing point. Anhydrous crystals of the 
bromide are obtained from a solution at a temperature of about 86° Fahr. 
and of the iodide at a temperature from. 104'' to 199^ Fahr. The aiihy«^ 
drous crystals of these three salts of sodium are perfectly alike, being cubes 
in which^ though seldom, as is known to be the case with common salt 
secondary faces, are found. 

Of the three hydrous salts the chloride forms the finest crystals, but 
the determination of their angles is very difficult, since at a temperature 
above 14° Fahr. they deliquesce, and above 32° they lose their water^ 
which, when it has previously become liquid, dissolves a portion of the 
palt. The crystals of the hydrous bromide is not chang^ at common 
temperatures, and can be measured with great ease, — the hydrous iodide, 
on the contrary, deliquesces, and is very difficult to measure, nevertheless 
I have, succeeded in measuring all of them by the reflecting goniometer. 
They are all isomorphous, and the angles differ from each other by no ap-i 
preciable quantity. The number of faces and the modes of formation of 
the crystals are also precisely the same. They are commonly obtained 
in the form of flat tables. Tl^ primitive form is an oblique rhombic prism* 

M on M' = Haass' 
M on P = 109 .48 

As the crystals contain water from the mother liquor between these plates, 
it is not easy to determine with precision the amount of water in combi- 
nation. I have determined it by finding the loss sustained on heating the 
salt below the melting point. By fusion, a portion is lost, as all the three 
combinations b^n to volatilize at a red heat. 

The hydrous chloride consists of 

Chloride of sodium, 61.98 = 1 atom 

Water, 88,02 S 4 

The hydrous bromide of 

Bromide of sodium, 7S.6 = 1 atom 

Water, 26.37 = 4 atoms 

The hydrous iodide of 

Iodide of sodium, 79.77 = 1 atom 

Water, 20.23 = 4 atoms 

The hydrous common salt has been already described by Fuchs in his 
interesting paper on the solubility of common salt in water, but he. was 
unable to determine all the angles, — Mitsckerlich, Poggend. An, der Phys. 
und Chim. xvii. 385. 

6. Effects of heat upon copper otm.— In an able paper on the mixed ores 
of copper, lead, and iron, by Bredberg, a very striking fact is mentioned in 
regard to the effects of heat upon the sulphuret of copper which they con- 
tain. A mass of the ore apparently homogeneous, and containing thorough 
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its vhole substance from four to ^we per cent, of co|yper by roasting, has 
its structure changed into a succession of layers. In one case cited there 
were two layers and a central ball. The outer layer had an earthy firae- 
ture, and contained only three per cent, of copper. The second layer had 
the metallic lustre of copper pyrites, and contained twenty per cent* 
of copper — the internal ball, which contained fourteen per cent, com- 
bined with an excess of sulphur. Part of the iron was oxidised, but the 
proportions of the other constituents in the other parts of the mineral 
were unchanged. If the roasting be longer continued, a greater por- 
tion of the mass will be decomposed, but in the interior will be found a 
smaller bronze-coloured ball, containing fifty-four per cent* of copper. — 
KongL Veientkabs handlings 1838. 

6. Preparaiion of Phosphorus, — Wohler recommends, as likely to give, 
phosphorus at a very cheap rate, to distil by a strong heat ivory black with 
half its weight of fine sand and charcoal powder. A silicate of lime is 
formed, and the carbonic oxide and phosphorus come over. — ^Pog. An. de 
Phys. xvii. 178. 

7. Hydriodic Ether. — SeruUas gives the following improved process for 
preparing this substance. Into a tubulated retort are introduced 40 gram, 
iodine and 100 alcohol of 38° B. agitate and add 2.5 grains of phosphorus 
in small pieces. Distil nearly to dryness ; add 25 or 30 grains alcohol, 
and distil again till nearly dry. Water throws down the ether &om the 
solution. After washing, it is to be distilled from chloride of calcium. — 
An» de Chim, xlii. p. 119. 

8 . Seleniuret of Palladium, — The seleniuret of lead of Tilkerode con- 
tains silver and native gold mechanically mixed in dendritic plates, and 
fine crystalline grains. Assessor Bennecke, the director of a work establish- 
ed on the spot for extracting the selenium and the precious metals from 
this ore, has obtained from his auriferous solution a considerable quantity 
of palladium. This has led Zincken * to examine the ore more attentive- 
lyi to find in what state this last metal occurs. The ore was boiled in 
nitric acid, which dissolved the seleniuret of lead, and separated many 
light silver white scales containing palladium. An examination of other 
specimens of the small scales and dendritic formations of native gold 
showed him many small scales having the form of six-sided tables, and re- 
sembling much the osmuriet of iridium, with here and there little groupes 
of crystal oio, white colour like platina, and a perfectly metallic lustre. It is 
britUe, has a scaly shining fracture, and cleaves perpendicular to the axis 
of a six-sided prism. By heat it swells and gives ofi" a peculiar odour, 
like that emitted by seleniuret of mercury, and forms on the tube a red 
ring of selenium. By stronger heat a white vapour is given ofi^, and the 
glass is corroded. With borax it gives a transparent glass, and melts 
inti) a brittle bead. This substance is a compound of the seleniuret of 

* Poggendoiff, xvi. 495, 
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-lead^ silvery and palladium. A closer examination with a compojan^ mi- 
croscope shows the scales of gold to be covered with minute white crystals 
of seleniuret of Palladium, invisible to the naked eye. The common sele- 
Biurets of silver and lead contain no trace of palladium. - Zincken suggest^^ 
that the> native pdladiupi of Sowerby may contain o^er ingredients ; but 
-the experiments of WoUaston appear sufficiently decisive that it contains 
DO selenium. 

9. ffurauUte and Hetepoziie.'^Dn Frenoy has analyzed these two 
minerals found formerly by Alluau in the Limoges. 
The Huraulite consists of ... 

Calculation. Oxygen. 
Phosphoric add, - 38.00 36.5;^ 8 

Protoxide of iron, - ll.lO 11.23 1) 

manganese, 32.85 34,95 3 J 

Water, - - 18. 17.26 6 

99.95 99.96 

. The calculation is after the formula : 

3 Ma* P2 + F5 P« + 30 09 

This mineral is in minute crystals of the size of a pin head. The pri- 
-mithre form is an oblique rhombic prism of 117°.30', and 62° 30' ; but it 
occurs in the form of rhomboidal prisms, with or without the acute angles 
replaced. It i^ows no cleavages ; has a glassy fracture, and reddish-yel- 
low colour ; is transparent ; scratches calcspar, but is scratched by steel. 
Its specific gravity = 2.27. It fuses with great difficulty before the blow- 
pipe, giving a black bead with metallic lustre. In a tube it gives off water. 
It occurs in the granite about Limoges. The only pieces yet found were 
picked up by Mons Alluau, near Strassenban. 
. The Hetepozite is composed of 

Phosphoric acid, 41*77 

Protoxide of iron, 34.89 

Protoxide of manganese, 17.57 

Water, - - 4.40 

Silica, - . 0.22 



Calculation. 


Oxygen. 


42.6 


6 


35.02 


2 


18.10 


1 


4.49 


1 



98.35 100.13 

The calculation is according to the formula : 

2 F5 P« + M«* P2 + 5 ay 
This' mineial is found only in scaly masses, deaving, however, in three 
directions, giving an oblique rhombic prism, having an angle of about 
100^ or 101^ The lustre is shining and fatty, like that of the apatites. 
The colour greenish^gray or bluish* Weather-worn sur&ces have a beau- 
tiful violet colour and a semi-metallic lustre. These weather-worn pieces 
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cleave with greater eaie^ and may be meaaared with the oomiDOii gODi0- 
ineter. 

The undeoompoaed scratches glass with ease, but not qnarta. In Its d»- 
composed state it is softer, and is scratched by ateeL The specific gravity 
of the former is 3.524, of the latter 3.39. It dissolves in add with a sti^t 
residue of silica. Before the blowpipe it melts into a dark-rfaiown enameL 
— JfiA. de Chim. ei de Phyi> xli. p. 337, 

10. Black Blende ofMarmato. — An analyai^of this mineral by Bonssin- 
galt, shows it to be a compound of sulphuret of ainc with solj^nret of 
iron, expressed by the formula . 

S« + 3ZnS* 

Pog. Ann. der Phtf*. xv. 

il« Stdplmrei of SHicium.'-'^htrom has found that silica heated in his 
blast fbmaoe in a charcoal crucible can be reduced by sulphuretted hydrogen 
to a sulphuret of silidum. It is easily volatilized, and in burning gives off 
the peculiar sublimate of silica, whidi has been repeatedly met with. This 
discovery will dear up many phenomena hitherto inexplicable. (Poggen. 
An. xvii. 379.) 



12. New compound of Chlorine, Pho$phoru$f and Sulpkur.i'^A, new i 
pound of these elements has been formed by Serullas. Thereare two chlo- 
rides of phosphorus, consisting of 

Per-chloride. Pioto-cfaloride. 

Phosphorus 1 atom. 1 atom. 

Chlorine 6 atoms. S atoms. 

When the per-chloride is introduced into an atmosphere of dry sulphu- 
retted hydrogen, it becomes heated, and changes in a short time into a 
colourless transparent liquid; while muriatic add vapour takes the place 
of the sulphuretted hydrogen. When purified by distillation in a small 
retort, this compound has the appearance of the purest water. It is heavier 
than water ; has a peculiar pungent aromatic smell, mixed with that of sul- 
phuretted hydn^en ; fumes slighty in the air, and boils at 125^ centigrade. 
The odour of sulphuretted hydrogen is owing to the action of atmospheric 
moisture, for when decomposed by oxide of copper, it gives no trace of hy« 
drogen gas. Its composition by the analysis of Serullas is 

3 atoms chlorine. 
1 atom phosphorus. 
\ atom siilphun 

13. Atomic weight of Iodine and ^romtne.— M. Berselins^aa determin- 
ed that the atomic weight of iodine is 789.146, and the denlity of its va- 
pour 8.7011. The atomic weight of bromine seems to be about 489.15, 
and the density of Its vapour 5.3983.— ilini. de Chinu voL xl. p. 430. 



III. NATIUIAL HI6TQEY» 
ZOOLOGY.' 

14. Queries respecting the Natural History of the Salmon, Sea^troui, 
Bull-Trout, Herling, <35fc.-^Thc value of the Salmon Fisheries in Great Bri- 
tain has decreased so much of late years, and particularly in the North of En- 
gland^ and South of Scotland, that a remedy for it, independent of its interest 
as a difficult and unsolved question in Natural History, will heoome of no 
little importance to proprietorsL The following queries are proposed, with 
the view and with the hope of gaining some information upon the natural 
history and economy of this valuable species. It is onlj by arriving at ^ cor- 
rect knowledge of its various habits, and those of the species allied to it* 
which frequent our rivers in almostequal numbers, that wecan hope to devise 
or accomplish any means of increasing the production, or of decreasing the 
certainly too extensive destruction of it in its different states. 

The queries relate only to its natural history, and answers are earnestly 
requested, stating facts relative to the opinions given, with the suggestion 
of additional queries, or any thing that will tend to illustrate the history 
of the species. 

Address the answers to Sir W. Jardine, Jardine-Hall, by Lockerbie, 
Dumfries-shire. 

Salmon* 

1. At what age do salmon commence spawning? and how often is it 
supposed that they have migrated to and from the sea, previous to their 
first parting with the spawn ? 

2. Do the males and females attain maturity at the same period or age ? 
and do all of one age spawn nearly at the same season ? 

3. At what time do the young, or Fry, first leave the rivers ? 

4. When do the young, or Fry, first return to the rivers ? 

5. What is the size, weight, and appearance of the Fry, on their first 
return from the sea, and under what denomination do they then go ? 

6. Are they so far arrived at maturity as to spawn, and be productive 
on their first return from the sea, or previous to a second migration ? 

7. Are any fish known to shed their spawn abortively, before they ar- 
rive at their f\i]l growth or maturity ? or is the spawn observable in young 
^h, retained, until the parents attain the ordinary growth and size of the 
species when it is known to be productive ? 

GrUse, 

8. Are Grilses immature Salmon, and if they are, what is their age P 

9. What is the distinctive character between a large OriUe and a smaU 
Sahnon ? 

10. At whai season do Grilses first appear in the rivers ? What is their 
weight ? and Ire they supposed to be Uie Fry of the same year> on their 
first return from the sea? 

11. Have the Fry been marked, and afterwards taken as GrilseB in the 
course, of the same year, and have Grilses been marked^ and afrerwaxds 
taken as iuU.giown Salmon ? 
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12. Is it supposed that any sexual ioterooarae tekes place between the 
Salmon and other species of the genu8> thereby producing a mongrel or 
mixed breed of fish ? , 

WhitUng and Sea Trout. 

13. Does the Whitling of the Tweed ever become a Salmon — if not, to 
what size and' weight does it attain ? 

14. Is the Whitling of the Tweed known by any other name in its 
various stages of growth ? Does it spawn, and at what season } What are 
its migrations ? 

15. Is the Sea^ Trout of some other rivers the same with the WhitUng 
of the Tweed ? Is it found in all rivers containing Salmon ? Does it spawn > 
Is the young, or Fry known — and what are its migrations ? 

Herling* 

16. Is the Herling or Hirling of the Annan and Nith, and the Whiting 
of the Esk in Cumberland, the same with the Finnock of the west coast, 
of Scotland, and the Sewin of the Welsh rivers ? 

17. Is the Herling found in the rivers on the eastern coast of Scotland,, 
or in any of the rivers in England or Ireland, and under what name or 
names is it there known ? 

18. Does the Herling spawn, and at what season ? and is it known in 
any intermediate state between the Fry and Herling f Is the Fry known, 
and what are its migrations? 

Bull Trout 

19. Is the Bull Trout o£ the Tweed the same with the Salmon Trout 
oiP, the Tyne and Tees, &c. ? and is it known by any other name during, 
its growth from the Fry to maturity ? 

SO. Is the Parr met with in all rivers containing Salmon ? where and 
when does it spawn ? Is it the same with the Brandling of the North of 
England, and the Skirling of Wales ? Is it supposed to be a perfect fish^ . 
or the Fry of some species of Salmon ? 

31. What is the Grey (Salmo Eriox) of Dr Fleming ? What are its^ 
states from the young to the adult } What are its migrations? 

22. Are there any species of migratory Salmon, distinct from those above 
mentioned, known in the rivers of your neighbourhood ? 

15. The Capei'caihie — The Capercailzie, or cock of the woods, existed for- 
merly both in Ireland and Scotland ; and> according to Shaw, one was killed{in 
the latter country, about fifty years ago, at Lochlomond. It is much to bei re- 
gretted that so magnificent a bird should have been lost ; and it would be well 
worth any attempt to recover the breed. In Scotland there would be 
little doubt of its succeeding, if it could but be procured in sufficient 
numbers to make the attempt. . The cock of the woods is by no means a. 
difficult bird to rear, even in a state of captivity. There are several in- 
stances of its being kept alive in Sweden ; and but very recently Captain 

* The Herhng seems to be the Sahno Atbuioi Dr Fleming's <' BriH^ Am^> 
mais,*^ and most ichthyologists — the specieB has not been thoroughly investigated. .-• 

3 
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Beooke was infimned of two, where the female was sitting on seyeral eggs, 
the result of whidi he was not acquainted with. All that it requires in its 
natural state is a considerable tract of wild country, well wooded with the 
fir^ which may be considered necessary to the bird, as on its shoots it princi- 
pally subsists during winter. If there be also a wide extent of mountains 
and high lands, it will be more favourable ; and should the cranberry, the 
whortle or blackberry, and the other wild fruits which these situations pro- 
duce, be found in abundance, the trial would, in all probability, be attend- 
ed with success. In every part of Sweden they are found in abundance, as 
also in the southern parts of Norway. The soil, generally speaking, in 
both countries, is of a light and sandy nature ; the forests almost wholly 
composed of fir, generally with little underwood ; and the earth covered 
with the difierent kind of berries just noticed. What brushwood there is, 
is frequently the juniper and low birch, the berries of the former being also 
a favourite food of this bird. No attempt. Captain Brooke thinks, would 
ever succeed to rear them in this country by bringing their ^gs over. 
Without speaking of other objections and impediments, the difficulty of 
meeting with the ^;gs would be sufficient. The peasants even seem to 
consider this as in a manner proverbial ; and Captain Brooke never met with 
any one of them who had either seen the eggs or discovered a nest. The 
way in which they take the birds is principally by means of the gun, though 
sometimes snares are used. The ofier of a good price is all that would be 
necessary ; and with this temptation, there would be little fear of any insu- 
perable difficulty. The old ones alone should be brought over, or birds of 
sufficient age to cause no apprehension in this respect. All the attempts 
that have been made by transporting young birds have uniformly failed 
fVom their dying shortly afterwards, whereas the old ones have lived. The 
female bird, during the period of incubation, is extremely shy, readily for- 
saking her nest when disturbed. In general, she lays as many as ten and 
twelve ^gs, which are nearly equal in size to those of a hen. The ground 
of them is tawny white, but thickly covered with small blotches of a red- 
dish brown, a few specks being some shades deeper, and approaching to 
black. — ^When the young birds are hatched they resemble the mother, and 
remain so till autumn, when the black plumage of the male begins to ap- 
pear*— Ft(/e Captain Brookes Travels in Lapland, 

16. The Portuguese Man of War* — A recently published number 
of the North American Review contains a description of a natural 
object but little known to common readers, though said to be fa- 
miliar to those who navigate between the tropics, the beautiilil and 
enigmatical insect commonly called the Portuguese Man of War. It 
is from a Memoir to Dr Tilesius, who accompanied Mr de Kmsenstern 
in his voyage round the world. " This singular animal had several times 
been delineated, described, and endowed with names ; yet not only its de-. 
nominations were various, but ako the nature and characteristics ascribed 
to it. According to some it was a polypus, according to others a zoophyte, 
and others ranged it among the MoUusca. Naturalists who followed in 
the steps of Linnsus have called it the Physalis. Wonderful as are all. 
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the works of Providence^ admirably fitted «a are the veverd parta oi eacli 
created being for their several functions, oorapleat in their oompositioft 
as they sometimes at first seem, while yet they are always found to be 
really so simple and suitable in their action on a nearer investigation, we 
may nevertheless venture to rank this little animated creature among the 
most curious phenomena. A worm between six and eight inches in lengthy 
which is found but in certain latitudes, has seemingly the skill and know- 
ledge of an experienced navigator^ and is in itself a little ship. Its evolu- 
tions are according to the winds j it raises and lowers its sail, which is a 
membrane provided with elevating and depressing organs. When filled with 
air, it is so light, that it swims on the surface of alcohol, and is at the same 
time provided with a structure, which furnishes it with the necessary bal- 
last. When high winds would endanger its existence, it descends into the 
deep, and is never seen on the surface of the wat^« From the under side 
of Uie body proceed tubes, which extend twenty feet in length, and are so 
elastic and delicate, that they wind in a spiral form like a screw, serving 
at once as anchors^ defensive and offensive weapons, pneumalic tabes and 
feelers. The insect has the colours of the rainbow ; its crest, which per- 
fi)rms the office of a sail, is interseeted with pink and blue veins, trimmed 
with a rosy border, and swells with the windsi or at the animal's pleasure. 
The fibres contain a viscous matter, which has the property of stingii^ like 
nettles and produces pustules. It acts so strongly that vessels in which 
they have been kept for a time, must be repeatedly washed before they 
can be used. These fibres may be cut ofi^ without depriving them or the 
rest of the insect of the principle of life ; and the separation takes place 
^Kintaneouslyi whenever the glutinous matter ooroes m contact with a hard 
sur&ce like the sides of a glass globe. The insect has, however, dangerous 
enemies in small dolphins, and medustt, against which neither its nautical 
skill nor its poison can defend it." 

IV. GENERAL SCIENCE. 

t 17. Burning Coal Mine at New Sauchie. — It is now more than two 
yearadnce the snow lying on a field on the farm of Shaw Park, belonging 
to the Sari of Mansfield, was observed to melt almost as soon as it foil, and 
then rise in a state of vapour. The phenomenon attracted the attention of 
the managers of the Alloa and Devon collieries, and was found to be the 
efiect of the heat produced by a stratum of coal in a state of ignition, techni- 
cally known by the name of the nine feet seam, from which the Devon 
iron works are supplied with a large proportion of their fuel. Various 
plans were at the same time suggested to extinguish the flames, and after 
several foUures, it was determined to cut a mine round the seam to prevent 
their extension. Workmen were set to excavate this mine, which was 
opened at both sides of the seam, to build a wall as theyvproceeded, on the 
ndes i>f the two tunnels next the fire. In this way it was intended to pro- 
ceed, till the tunnels penetrated beyond the fire, when they were to be 
joined in the form of a horse shoe, and thus cut off^ by means of a strong 
wall, all connection between the ignited part of the seam and the remain- 
der of it. This plan has been persevered in for a year and a half, but has 

4 
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never beev completed. The workmen have often brought the two walls 
within a few fathoms of meeting, but owing t9 the fire bursting in upon 
them, they have been hitherto obliged to fall back again and take a wider 
circle. Six (n: seven shafts have been sunk to ventilate, the tennels, in 
which the heat is frequently so great as to raise -the thermometer from 2i2 
to 230 degrees of Fahrenheit ; — ^it sometimes rises even higher. The lamps 
of the miners which are hung iC^n the walls, have mere than once fallen 
to pieces from extreme. heat.-j—jS^/tV/fwg' JonrnaL 

^8. Hay converted into a Siliceous Glastby Lightning.'— In the summer 
of 1827, a rick of hay in the parish of Dun, near Montrose, was set on 
fire by lightning, and partly consumed. When the fire was extinguished 
by the exertions of the farm-servants who were on the spot^ there was ob- 
served in the middle of the stack a cylindrical passage, as if cut out by a 
sharp instrumoit This passage extended down the middle of the stack 
to the ground, and at the bottom of it there was found a quantity of vitri- 
fied matter, which there is every reason to think is the product of the silex 
contained in the hay which filled up the cylindrical passage. The existence 
of silex in the common grasses is well known, and the colour of the porous 
and vesicular mass is very like that which is obtained from the combus- 
tion of siliceous plants. We have been indebted for a specimen of the sub- 
stance to Captain Thomson of Montrose, who examined the spot almost im- 
mediately after the accident had taken place. 

19. Application of Zinc to Roofing of Houses.'^It is perhaps not gene-^ 
rally known that this metal rolled into large {dates has been for some years 
adopted on the Continent as a substitute for lead and slates in the roofing 
of houses, and is now applied in this country tO'the same purpose in cover<^ 
ing €f£ public and private buildings. Roofs made of those plates are so 
light, that the timber requires not to be above half so strong as for lead or 
slates, there being only about one^sixik part of the pressure. Very hand*> 
some water dstems and rain water pipes, &c. are alsa made out of zine, 
speeimens of which, we understand, may be seen at Mr John Clark's sine 
Warehouse, No. SS, George's .Street. As an important saving is said to be 
obtained from the use of this metal, it .appears particularly desendng of «t* 
tention by tbose who are engaged in architectural improvements ; and, as 
the ore exists in great abundance in this island, were it ^extensively used 
for the above purposes, a oonsideraUe consumption of one of <the natural 
' products of the country would be the consequence. 

90. Jf . Utenhove on Spherical and Parabolical Specula for Telescopes,'^ 
In the new Memoirs of the first chm of the Royal Institute of the Nether- 
lands, voL ii. part ii. lately published, there is an Optical memoir by M. 
Von XTtenhove, in which he treats of the di£ferenee between spherical and 
parabolical specula employed for telescopes. His principal object is'to de- 
termine what is the greatest error which is eommitted by substituting- one 
of these conic sections ibr the other, and he has considered the question in 
a geometrioal aspects He afl;erwards applies his formula to the princfpat 
known telescopes, and he fiads, ^at in the- great telescope of Herschel, fbr 
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example^ the greatest error^ in substitutiog a spheticarfor a ponibolical 
mirror^ amounts to j|jgth of a line. 

21. Ir(m Trade of Great Britain. — The whole iron made in Great Bri« 
tain has been as foUows :— 

Tons. 



1740, 


17,000 from 


59 furnaces. 


1788, 


68,000 


121 fiimaces. 


1796, 


125,000 




1806, 


250,000 




1820, 


400,000 




18«7, 


690,000 


284 furnaces. 


The iron produced in 1827 was made as follows : 




Tons. 




South Wales, 


272,000 


90 furnaces. 


Staffordshire, 


216,000 


95 


Shropshire, 


78,000 


31 


Yorkshire, 


43,000 


24 


Scotland, 


36,500 


18 


North Wales, 


24,000 


12 


Derbyshire, 


20,500 


14 



690,000 284 

About 3-lOths of this is used for home consumption, and the other 
7-.10ths exported. — Repertory of Arts, October 1828. 

9Q, Explosion at the bottom of a Well at Bologna, The well where this 
explosion took place is in the house of M. Bemi Degli Curteni. As nothing 
preceded the explosion, the inhabitants of the hoase were greatly alarmed. 
The water of the well was analysed by Professor Sgarzi, who discovered 
in it only a little carbonic acid and salts, with a calcareous basis. M. Criole 
ascribes the explosion to the vapours of the water, and to the gas arising 
from t^e sulphuret of iron, with which the water has come in contact by 
infiltration, and to a winter excessively wet. The Fumaroli of Naples 
and the Grotto del Cane lEire analogous phenomena, and the Professor mig^t 
have added also the slight commotions whidh the ground frequently expe- 
riences in the neighbourhood of the thermal springs of the Pyrenees, the 
heat of which is kept up, as is well known, by the constant decomposition 
of the sulphurets of iron.-— i2ev. EncyclopSdique, 

23. Destruction of Live Stock by Wolves in Russia. — In the government 
of Livonia alone, the following animals were destroyed by wolves in 
1823. The account is an official one. 



Horses, 


1,841 


Goats, 


2,545 


Fowls, 


1,243 


Kids, 


183 


Homed CatUe, 


1,807 


Swine, 


4,190 


Calves, 


733 


Sucking pigs, 


312 


Sheep, 


15,182 


Dogs, 


703 


Lamba^ 


726 


Geese; 


673 
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94. Supposed Series of Sub-^marine Banks from Newfoundland to the En~ 
' gidsk Ch£tnneL^'¥rom the Great Bank of Newfoundland to the English 
channel^ it was tbund that whenever we approached towards the Vigiasy 
or dangers laid down in the charts, the water chanjged from the deep blue 
of the ocean to green ; in some instances to a light pea green ; and this co- 
lour was not the efiect of any change in the state of the atmospheres hut 
remained the same under the dfferent alterations of sunshine, cloudy wea- 
ther^ and haze. These changes were so remarkable, that they became the 
subject of conversation on board, and occupied my attention particularly. 
. On an inspection of the chart, I came to the conclusion that, as this part 
of the north Atlantic, lying between Newfoundland and the English channel, 
crosses the meridian of the volcanic islands of Iceland and the Asores, there 
are connecting ramifications between the subterranean fires of Iceland and 
those of St Michael of the Azores, and that the spaces of green water * 
over which we sailed in this route, were indications of the superior elevation 
of the bottom of the ocean in the lines of communication between the two 
volcanic lands above-named; and the coincidence of the water changing 
colour as we approached the different rocks, shoals and islets, placed in the 
chart in this part of the Atlantic, (some of which have been verified) sup- 
ported the probability of the conclusion I had drawn. Assuming, there- 
fore, that these banks, (which I conceive to be detached, that is to say, 
having deep water between them from N. to S.) exist, and are the lines or 
conductors of volcanic matter from Ireland to the Azores ; we may readily 
account for the appearance and disappearance of such islands, rocks, &c. as 
Buss Island, the rocks seen by Sir Charles Knowles, those looked for by 
'Admiral Rodney, westward of Ireland, Jaquett Island, the Devil's Rock, 
and the Eight Stones north of the Madeiras, &c. &c. because we have un- 
doubted proofs that sub-marine volcanoes throw up islands and rocks. from 
a very great depth, as in the instance of Sabrina island off St Michael's ; 
and that islands disappear fh)m the same cause, as instanced in the sub- 
mersion of Gonbermans islands on the coast of Iceland, and Robers isle 
at the Cape of Good Hope. I consider, therefore, that from the longi- 
tude of \(f W. to the Banks of Newfoundland, and from the Madeiras 
to Iceland, that is from 33° N. to 65° N. the ocean comprised within 
that area, is the seat of the difierent branches of sub-marine volcanic 
matter in the north; and this may account for the frequent shocks of 
earthquakes felt in Great Britain and Portugal As far as my own ideas 
go concerning volcanoes, I am willing to believe, that tbroughout the 
whole earth they are connected by subterranean and sub-marine tubes or 
channels, and this hypothesis is borne out by facts so plain, as to be almost 
demonstrative with regard to earthquakes, which philosophers consider as 

* It may be worthy of notice, as a drcum^tance strengthening my opinion, that 
tlie Medusae, Px>lypi) &c. were infinitely more abundant in these spaces of gieenwater, 
than in those of a blue colour ; indeed, very few of the larger species of these animals 
were seen in the latter, they were generally of the small orbicular kind ; whereas in 
the green water they were frequently from three to five feet diameter, of an infinite 
vazisty of shapes and of the most brilliant colours. 
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oeeauonedbyaibteminean fire and water coreatiog an eiplodiwggaaeousfeid. 
Upon this view of the snlgect^ we might carry our line from the Madeiras to 
the Canaries^ proceeding on to the Cape Vevds^ St Helena^* &C. &c and it 
•has o^n struck me, with respect to the Atiantide Mandof the idieients, if 
-such ever existed, that it occupied that space of the ocean lying between Forto 
Santo and the Azores, and that Uiese i^nds fitnned the extremes, the centre 
part hanng swnk into the bosom of the deep by the agency of volcanic- fire. 
I may dose these remarks by observing, that the captain (an officer of the 
navy, possesahig experience and scientific knowledge) of the vessel in which 
I was, appeared at first sceptical with respect to my hypothesis, but at last, 
&om his own attentive observations* became fully convinced of its pro- 
bability.-^ l/Mt^^c? Service Journal, No. 14, 1830. 

26. New Idands on the Coast of Japan. — Captain Coffin of the Nantuc- 
ket has discovered six new islands situated near the coast of Japan, from 
which they are distant only four days sailing. They form a group 
situated to the south of Sandown Point. The Bay in which Captain Cof- 
fin cast anchor is in 26^ 30' of north latitude, and 141^ of east longitude from 
Greenwich.— Communtco^ton^om Mr Warden to the Academy ofScinces, 
January 1828. 

96. Agitation of the Sea in the Channel, and Earthquakes in Italy. — ^Dur- 
ing the eight or ten days which preceded the 1 7 th of April 1828, an ex- 
traordinary motion of the sea had been felt in the channel, insomuch, that 
several outward bound vessels could not proceed to the westward of the 
Lizard ; and the rise of the tide had been great for several days, viz. — nine- 
teen feet, which produced a grand and terrific burst upon the Breakwater, 
many feet above the crane-head. We then were of opinion, that the ex- 
traordinary circumstance alluded to was diused by some convulsion of 
nature in some other quarter, and the information recently received proves 
that our <q>inion was correct. It appears that on the 10th of April, and 
subsequent days, shocks of earthquake were felt v^ Rome, Florence, and 
other parts of Italy. Now, as the extraordinary motion in the channel, 
and the shocks in Italy were felt at the same time, is it not fair to pre- 
sume that the one was caused by or had connection with the other? — 
Plymouth Journal 

27. Great Rain in Perth on the Sd August 1829. — In a shower which 
seems to have been confined to the immediate vicinity of Perth, na less 
than four^fifths of an inch of rain fell in the course of half an hour. On 
the Oroonoko Humboldt observed H inch of rain fell in three hours. — 
Perth Courier, 7th August. 

28. Earthquake at Bogota on the 17 ih June.'^We are in a state of great 
excitement and anxiety. Last night was the most awful one I ever passed. 

* All those islands are of volcanic origin. 
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We were sitting at whist as the clocks chimed a quarter to eleven ; at that 
n^oment we were all sensihle of the shock of an earthquake^ and we pur- 
sued our game. Ahout two minutes elapsed^ when we experienced a 
most awM repetition. The walls of the house were dreadfully agitat;ed, 
our candles were overturned^ chairs and tables thrown from one side of 
the ^oom to the other— *we could ourselves scarcely maintain our erect po- 
sitions^ and were so perfectly paralyzed, that we never thought of getting 
out of the house ; indeed, my own belief was, that the house must fall be- 
fore we could possibly escape. The ceiling was coming down upon us in 
large fldces, and the fidl of a large mirror at the moment, which we took 
to be part ofthe house, added to the alarm. It lasted forty seconds. We 
then went into, the street, where crowds were on their knees praying most 
fervently. A general rush was made for the squarein which the pakcc is* 
There we found thousands collecting and collected ; women and men just.as 
they had jumped out of bed, with the addition of a blaidcet thrown around 
them-^mothers in the agony of grief and apprehension, clasping rtheir 
children to their bosoms — ^&thers and brothers endeavouring to provide 
them with covering-groups of females in every direction calling each 
other's names to be assured that all was safb. Dismay an4 despair were 
general. No one would return home, and thousands passed the whole 
night in the square. 

Three o'clock, p. m.— >I have just returned from making a round of the 
town, to observe the extent of damage. Several houses are thrown en* 
tirdy down ; many are rent asunder from top to Ixtttom. The cathedral, 
a splendid edifice, has one of its wings rent from the base to the tower. 
Scarcely a house in the city is without ii\jury^-^mine has every one of its 
principal walls split in several places ; the dining-room is in ruins ; the par- 
tition of my bed-room has fallen in : and had I been in bed I should have 
been at least severely bruised. A severe shock has not been felt here un- 
til now, since the year 180^* About six years ^o, it is said, there was a 
slight one, but no injury was done. It appears miraculous that only 
three lives have been lost. Many who are here, and were at Caraccas, 
during the great earthquake there, say, that this shock was much more 
severe ; but the houses being better built here, the injury has been less. 

Half-past five o'clock. — I have been taking another survey, and was 
surprised to find that hundreds of families are sending beds and bedding 
into the plain, and erecting booths there for the night — All fear another 
shock. 

I9M, Twelve o'clock, noon. — This night has passed quietly, and the 
alarm is subsiding. — Letter from Bogota. 

29. Earthquake in the Netherlands ^ 23<? February 182d. — The number 
• of earthquakes which are on record as having been experienced irt the 
Netherlands for many centuries past, does not exceed six or eight ; and 
none of them have been productive of disastrous effects. Within a y')aee 
of ten years, during the last century, three only took place, one of which 
happened in 1755, immediately after the great earthquake at Lisbon ; and 
the last was in 1760. The one which has lately occurred was particularly 
KEW SERIES, VOL. III. NO. II. OCTOBER 1830. A a 
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felt along the bmlB of the Meute; and its greetett violence was £dt in the 
towns of Li^e^ Tongres^ Tirelemont, and Huy : many of the walk and 
buildings of which aoflfered conaiderahle iiy uiy ; bat happily no lives were 
lost. In the adjacent towns of Maestrlcht, Namur^ Lonvain^ and Brussels, 
strong shocks were also experienced ; but their violence diminished in ptro- 
portibn to the distance from the former or principal seat of concu^Bian. 
They appear also to have been sensibly felt at Bonn, Dnsseldorf, and Dor- 
drecht, on one side, and at Flushing, Middlebuig, and Dunkiark, on the ' 
Other; although they were not perceptible at many of the intermediate 
towns. Slight shocks were also experienced at sevend of the fronder towns 
of France, as Avesnes, Gommercy, and Lcn^yon ; aB also at the coal-mines 
near Li^e, at the depth of from fifty to sixty toises ; in which latter case 
they were accompanied by a hollow sound, resembling that of a heavy laden 
waggon. The direction in which the shocks were propagated appears to 
have been from east to west. 

For some time before the earthquake the weather had been fine ; but it 
becsnie cloudy on the evening which preceded it, and continued so fixr se- 
veral subsequent days. At Brussels the barometer had fallen durii^ die 
three preceding days from S9.4S1 inches to 29.044 ; on the night be&ne 
the earthquake it had risen to 29.1S6 ; and a few moments after the event, 
it stood at 29.933. It continued afterwards to rise ; and cm the 97th it bad 
reached 30.166. At Li^e, however, the baroineter remained very low 
after the earthquake. 

The shocks lasted about eight or ten seconds. 

There have been experienced, since the 23d of February, slighter shocks; 
diese also were preceded by a great depression of the barometer.— F&tZ 
Mag. Jufy 1826. 

30. iVJzff^.— -The Prerident and Council of the Royal Society of London 
have adjudged the first royal medal to Charles Bell, Esq. fer his re- 
searches rdating to the nervous system, and the second to M. Mitscherlidi 
for his discoveries relating to the laws of crystallization, and the proper- 
ties of crystals. 



Art. XXIV.— list OF PATENTS GRANTED IN SCOTLAND 
SINCE SEPTEMBER 23, 1629. 

26. September 23. For certain Improvements on or additions to Fire 
Places. To Joseph Anoe Fonzi, Esq. county of Middlesex. 

27. September 23. For certain Improvements in the Construction of 
Cannon. To John Tuckeb, county of Middlesex. 

26. September 23. For certain Improvements in Apparatus to be Ap- 
plied to Fowling Pieces and other Fire Arms in place of Locks. To 
David Laueence and John Cbundwell, county of Kent. 

29. September 25. For a New Process or Method of Whitening Sugars. 
To Joshua Bates, city of London. 
30. September 25. For an Improved Method of Constructing Steam- 
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fioiiers or GeneratorSy whereby the bu& of the boilev or gKoetatar and 
the consumption of fael are ooosiderablf redueedt To Joshua. Ba.tx^ 
jcitj of London. 

31« October 28. For certain Improvements in Diminsbing Fxiclioii && 
Wheeled Carriage to be used on Rail-Roads, and whidi Impiv^ementB 
are Applicable to other Purposes. To Ross Winans> c^iintgr of Sussex. 

3^ October 28. For a certain Improvement or Impiwveraenta in DiatiUa- 
tlon. To William Shakd, Ssq. county of Kincardine. 

33. November 3. For certain Improvements, in the Constrvction of 
Anchors. To Williah Rodgea, county of Middlesex* 

34. November $• For certain Improvements in the Process of Manui- 
facturing Soap. To Charles Tu&nkk Stuatevamt^ county of Middla- 
aejK.. 

35. December 17. For certain Improvements in Machinery fin: Spinning 
Cotton and other fibrous substances. To CsARLts Baoob., eoun^ of 
York. 

36. December 17« For a New Preparation or Manufacture of a certain 
material produced from a vegetable substance^ and the application thereof 
to the purposes of afibrding lights and for other uses. To James Soamss 
Junior, county of Middlesex. 

. 1, January 25, 1830. For an Exploding Shot or Projectile. To 
JoHK TuexEA, county of Middlesex. 

2. February 2. For a New Alloy or Compound Metal applicable to the 
Sheathing of Ships and various oth^ useful purposes. To Joh.n Re vbek, 
J<lew Yoric 

3. February 2. For a Machine or Hydraulic Engine %a applying the 
power or pressure of Water, Steam> or other elastic fluiib to the purpose 
of working Machinery and other uses requiring power, and applicable to 
that of raising or forcing fluids. . To Edwabd Daketms and James 
Paksyne, county of Derby. 

4. February 8. Fqr an Improvement in Ships' Windlasses. To Gsoeob 
ST&AKEa, county of Durham. 

5. February 9. For an Improvement in the Manufacture of Canvas and 
Sail-Cloth Hoi the Making of Sails. To James Ramsay and Amdiuew 
Ram9at, Greenock. 

6. February 13. For an Improved MeehaiicaL Powec Applicable to 
Machinery of different descriptions. To Thomas JohiT Fuller, county 
of Middlesex. 

?• February 16. Fox oeitain Improvements ORt or additiona to, Wheeb or 
Apparatus for Propelling Vessels and other purposes. To Auvon Bxbn- 
HABD, county of Middlesex. 

8. February 19. For an Improved Method of ManuiMturing Salt. To 
John Bjiaithwatte and John Ericsson, London. 

9, February 2$« For an Improvement in the Apparatus used fiv Dis- 
tilling. To Patrick Dawson, LiUyhnme. 

. 10. Fdl>ruary 26. For oertun Improvem^ts ini Apparatus used for Dis- 
tilling and Rectifying. To ROBERT Buax,. county of York. 

11. March 3. For the manu&cture or preparation of eortain substances 
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which he deBominateB the British Tapioca^ and the Cakes and the Flour 
to he made from the fMune. To John MInnes, Esq. of Stirling. 

12. March 16. For certain Improvements in the Construction of Win- 
dow-Frames^ Sashes^ or Casements, San-blinds^ Shutters, and Doors^ de- 
signed to afibrd security against Burglars, as well as to exclude the weather. 
To Andrew Smith^ county of Middlesex. 

13. March 16. Fcnr certain Improvements in Apparatus and Machinery 
for Cleansing and Deepening Rivers, and in the method of applying the 
same. To Thomas Affleck, Dumfries. 

14. April 13. For certain Improvements in Machinery for Spinning 
Cotton, Silk, Linen, and other Fibrous Substances. To James Car&ick^ 
Esq. county of Lancaster., 

15. April S9. For certain Improvements in Making or Manufacturiiig 
Bolts or Chains. To Samuel Bbown, Esq. London.*^ 

16. April 29. For certain Improvetnents in the Means of Keeping or 
Preserving Beer, Ale, and other Fermenting Liquors. To William 
AiTKEN, Esq. Scotland. 

17. May 3. For certain Improvements in Apparatus for Making and 
Si^plyii^ Coal Gas for useful purposes. To Richaed Wittt, county of 



18. May 12. For certain Improvements on Steam Boilers and in Car- 
riages or Apparatus connected therewith. To James Vinet, Piccadflly. 
' 19. June 14. For a New Method of Purifying and Whitening Sugar or 
other Saccharine Matter. To Edward Turner, county of Middlesex. 

20. July SI. For an Improved Engine for Communicating Power ^r 
Mechanical Purposes* To John Ericsson, London. 
' 21. July 29* For certain Improvements in Preparing or Finishing Piece 
Goods made from Wool, Silk, or other fibrous substances. To John 
Frederick Smith, Esq. county of Derby. 

22. July 29. For certain Improvements on Steam Carriages and in 
Boilers, and a Method of producing increased Dmft To John Raws 
Junior, county of Middlesex. 

23. August 3. For an Improvement or Improvements in the Method or 
Apparatus for Separating the Knots from Paper, Stuff, or Pulp, used in 
the Manufacture of Paper. To Richard Ibotson, county of Middlesex. 

24. August 1 9. For certain Improvements on, and Additions to. Machines 
or Machinery to be used and applied for conducting to and winding vcpoa 
Spools, Bobbins, or Barrels, Rovings of Cotton, Flax, Wool, or other fi- 
brous suhstanoes of the like nature. To Joseph Chesseborouoh, county 
of Lancaster. 

25. August 19. For a Method or Process of giving a MetaUio suifiwe to 
Cotton, Silk, Linen, and other fiibrics. To John Yates, county of 
Chester. 

26. August 19. For a New Method of making Iron Whed Barrows of 
wrought Iron, with a wrought Iron Wheel, by which New Method, said 
Iron Wheel Barrows can be made lighter, stronger, more durable, and 
cheaper than any iron wheel barrows which have been heretofore in use. 
To William Mallet, Dublin. 
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27. September 6. For an Improved Machinery for the Navigation of 
Vessels and Propelling of Carriages. To John Ruthven, Edinfomgh. 



Aet. XXV«— celestial PHENOxMENA, 
From October 1st to December 31*^, 1830. Adapted to the Meridian of 
Greenwich, Apparent Time, excepting the Eclipses of Jupiter's Satellites, 
which are given in Mean Time, 

^. 3. The day begins at noon, and the coiijunctions of the Moon and 

Stars are given in Right Ascension. ^ 



2 

6 

7 

10 

15 



OCTOBER. 



D. 


B. 


M. 


I 


19 


57 


2 


U 


15 


5 


11 


41 


5 


18 


7 



31 
53 



9 Full Moon, 
a© 



3 

22 

10 

4 

1 



> b j) 35' N. 
_ < « 5 H' N. 

Last Quarter. 

3 Em. 1. Sat 11 

9 Inf. cJ 

Stationary. 
New Moon. 
Stationary. 
Stationary, 
enters rqj 
First Quarter. 
Greatest Elong. 

- r K 5 72' N. 
/t* Ccti J 71' N. 
ull Moon. 



NOVEMBER. 

69 13}) (5« b 1)25'N. 
a Last Quarter. 

# New Moon. 




53 



55 



]>. 
15 
15 
18 
21 



40 



H. 

6 

7 

5 
14 

22 6 37 
22 23 44 
19 



40 



9 3 

15 13 

15 8 
16 



23 


5 


23 


21 


24 


5 


26 


2 


28 


10 



29 

29 



14 Im. IT. Sat 11 

9c52*=- 

3 Km. L Sat H 

?^^^ . 
O enters <J 

]) First Quarter. 

7 Em. II. Sat 11 

45 Im. IIL Sat 1/. 

1 and 2 iS TIP 

y « ]) 46' N. 
_ « b 5 29' N. 
Full Moon. 




5 


7 


3 


16 


6 


15 


7 


10 


12 




12 


7 


14 


20 


20 


16 


21 


19 


22 


10 


25 


4 


27 


1 


29 


2 


29 


2 



68' S. 



]6 



DECEMBER. 

J 535c5*fl,l6 
9 Sup. (5 
a I.Ast Quarter. 
18} 6fiW })66'N. 
f) Stationavv. 

2 ^rf > =ii: P 31' N. 
'^ New Moon. 

Sup. cJ0 

enters y^ 

First Quarter. 

(5 /t4 Ceti 5 57' N. 

c5« b ])74'S. 
O Full Moon. 




Timet of the PlaneU jpassing the Meridian. 



Mercury. 

J), h ' 

1 1 10 
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25 22 55 



1 22 56 
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OCTOBER. 
Mars. Jupiter. 



Saturn. Georgian. 



h ' 

11 11 

10 19 

9 33 



h ' 

6 10 

5 32 

4 53 



h 

21 29 
20 50 
20 9 



h 

« 7 

7 23 

6 38 



NOVEMBER. 

9 8 4 31 

8 29 3 52 

7 53 3 12 



19 43 6 11 

18 58 5 24 

18 10 4 36 
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7 36 2 51 
7 3 2 10 
6 31 1 28 


17 45 
16 53 
16 59 




4 11 
3 81 
2 30 
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Mttrs. Jupiter* 
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Georgian. 
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o / e / 
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o 




1 

13 
25 


14 10 S. 
8 38 
3 44 


6 8N. 
20N. 
5 35 S. 


6 51S. 23 25S. 
6 43 23 21 
6 52 23 14 

NOVEMBER. 


13 29N. 
13 6 
12 46 


19 
19 
19 


16& 
17 

17 


I 

13 
25 


6 6S. 
13 12 
19 45 


8 66S. 
14 17 
18 45 


5 5S. 23 85 
3 20 22 56 
1 10 22 40 

DECEMBER. 


12 35N. 
12 22 
12 13 


19 
19 
19 


15 & 

a 

7 


1 

13 
25 


22 14 S. 
25 9 
24 45 


20 33S. 
23 4 
23 54 


IN. 22 31 S. 
2 33 22 10 
5 14 21 44 


12 UN. 
12 11 
12 17 


19 
18 
18 


3S. 
56 
46 



Art. XXVI. — Summary of Meteorological Observations made at Kendal 
in June, July, and August 1830. By Mr Samuel Marshall. Com- 
municated by the Author. 

State of the Barometer, Thermometer, S^c, in Kendal for June 1830. 
Barometer. Indies. 

Maximum on the 9th, - - - 30l06 

Minimum OD the 4th, - - . 2%B4 

Mean height, .... 29.65 

Thetmometer. 

Maximum ott the 27th, - - - 65.5* 

■ Minimum on the 5th, - - . . 39^ 

Mean height, - - - - 52.20^ 

Quantity of rain, 6.289 inches. 

Number of rainy days, 21. 

Prevalent winds, north and west. 

Thb has been a very rainy and uniiettied months and but little progress 
made in the hay harvest in consequence. The showers have been seldom 
heavy^ but of long continuance, and they have been mostiy of a drizzling 
kind. The weather has been generally cold for the season, as the mean 
indicates^ and fiir fVom genial. The barometer has been mostly about a 
mean height. The winds from the north have been much more prevalent 
than is common in this month. 



made^ at Kendal in June^Juhfj and August 1830. S75 

July. 

Barometer. iDches. 

Maiimum on the 28th, - . - 30.23 

Minimum CD the 9th» - - • 29.15 

Mean height, .... 29.74 

Thermometer. 
Maximmn on the 3l8t, - - - 81° 

Minimum on the 11th, - - - - 42° 

Mean height, ... - - 6a59° 

Quantity of rain, 4.961 inches. 
Number of rainy days, 19. 
Prevalent wind, west. 

Till the 26th^ there were but seven days on which a greater or less 
quantity of rain had not fallen. The last week in the month was very 
seasonable, and for a few days the weather was hot. On the 30th we had 
a tremendous storm of thunder and lightning, which extended to several 
counties round this, and in most places was very severe: though this 
town appears to have been near the centre of its extent. The wind was 
in the west 14, and in the S. W. 11 days in this month. 

August. 

Barometer. Inches. 

Maximum on the 19th, - - 30.05 

Minimum on the 28th, ... 29.08 

Mean height, .... 29.66 

Thermometer. 
Maximum on the 15th, - - . 63.5° 

Minimum on the 18th, - 39 

Mean height, - - . 54.64° 

Quantity of rain, 4.218 inches. 
Number of rainy days, 19. 
Prevalent wind, west. 

Though we have had no great weight of rain during this month, yet 
the prevalence of showers has been so great, that we have seldom had an 
interval of more than a day at a time of fine weather. Though the even- 
ings have begun to feel sufficiently chill to remind us of the approach of 
Autumn, yet the temperature through the days has been remarkably uni- 
form, the highest that the thermometer has reached being 63^, and the 
lowest 56^, in the day time ; and during the nights, the variation has been 
between 56° and 39° : of course we have had no frost in this part of the 
valley, though in the high land in the neighbourhood there has been a 
hoar frost occasionally. The total amount of rain for the year is 33.S03 
inches,-* a much smaller quantity than might have been expected from the 
number of rainy days, for in the last ^ye months, out of the 153 days in 
that period, there have been 94 on which rain has fallen. The aurora 
borealis was very brilliant on the evening of the 20th, — ^a phenomenon seU 
dom seen at this season of the year. 
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